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S U M M A R Y
Th e s y n t h e s i s  of 8 - t h i a b i c y c l o [ 3 . 2 . 1 ] o c t a n e s , as s t r u c t u ­
ral m i m i c s  of the t r o p a n e  a l k a l o i d s ,  w as u n d e r t a k e n  and, in 
p a r t i c u l a r ,  the f e a s i b i l i t y  of f u n c t i o n a l  gr ou p m o d i f i c a t i o n  
at c e r t a i n  ring p o s i t i o n s  w as i n v e s t i g a t e d .
In C h a p t e r  1, f u n c t i o n a l  gr oup c h a n g e s  w e r e  e f f e c t e d  at C(6) 
and C(7) of 6 , 7 - d i c h l o r o - 8 - t h i a b i c y c l o [ 3 . 2 . 1 ] o c t a n e  (107) w h i c h  
r e a c t e d  w i t h  w e a k e r  n u c l e o p h i l e s ,  such as wate r,  a l c o h ol s ,  c a t e ­
chol, 1 , 2 - d i a m i n o b e n z e n e , e t h a n o i c  acid and e t h a n o a t e  ion, f o r ­
m i n g  s u b s t i t u t i o n  p r o d u c t s  w i t h  s t e r e o c h e m i c a l  r e t e n t i o n ,  r e p l a ­
c e m e n t s  g e n e r a l l y  be i ng  fa st e r in the p r e s e n c e  of zinc metal. 
S u b s t i t u t i o n  did not p r o c e e d  at all w i t h  the s t r o n g e r  n u c l e o ­
p h i l e s  A lH ^ , OR, I, or Et^N. In p r e s e n c e  of zinc, (107) u n ­
d e r w e n t  e l i m i n a t i o n  w i t h  CN , 1 , 2 - d i a m i n o e t h a n e  and g l y c i n e  f o r ­
m i n g  (114). W i t h  p h e n o l / Z n ,  b ot h s u b s t i t u t i o n  and e l i m i a n t i o n  
t o o k  p la ce  to yi eld  (134). (107) u n d e r w e n t  a no ve l  s t e r e o s p e -
c i f i c  o x i d a t i o n - d i c h l o r i n a t i o n  w i t h  N a O H  f o r m i n g  (126). S i m i ­
lar r e a c t i v i t y  wa s o b s e r v e d  for the h o m o l o g u e ,  7 ,8 - d i c h l o r o - 9 -  
t h i a b i c y c l o [ 4 . 2 . 1 ] n o n a n e  (111), the r e a c t i v i t y  of w h i c h  is d i s ­
c u s s e d  in C h a p t e r  2. (Ill) h ow e ve r ,  f a i l ed  to re ac t w i t h  NaOH. 
In C h a p t e r  3, the a d d i t i o n  of S C ^  to c y c l o h e p t a - 3 ,5 - d i e n o l  (108) 
w a s  i n v e s t i g a t e d ,  as a s y n t h e t i c  a p p r o a c h  to C ( 3 ) - o x y g e n a t e d  
t h i a t r o p a n e s . The a d d u c t  (152) was f o r m e d  as a s i n g l e  d i a s t e -  
r e o i s o m e r  but only in m o d e s t  yield. (152) u n d e r w e n t  e s t e r i f i -  
c a t i o n  w i t h  ti gl i c acid (or acid c h l o r i d e )  in l o w yi el d f o r m i n g
(156), as a su l p h u r  a n a l o g u e  of the a n t i p a r k i n s o n  drug  tr o p i -  
g li n e  (14). Li ke  (107) and (111), (152) u n d e r w e n t  e l i m i ­
n a t i o n  w i t h  1 , 2 - d i a m i n o e t h a n e / Z n  f o r m i n g  (160) but (152) 
f a i l e d  to r ea ct  w i t h  L i A l H ^  or w it h NaOH.
Al so d i s c u s s e d  in C h a p t e r  3, the a t t e m p t s  to pl a ce  a 
m e t h o x y c a r b o n y 1 g ro up at C(2) of the k e t o - t h i o e t h e r  (110) via 
its e n o l a t e  or e n a m i n e s  w i t h  p y r r o l i d i n e  and m o r p h o l i n e  wer e  
u n s u c c e s s f u l .  (110) a p p e a r s  to be s t e r e o c h e m i c a l l y  h i n d e r e d  
to r e a c t i o n  w i t h  t h e s e  s e c o n d a r y  a m i n e s  but does form an ox in e  
(162). The a t t e m p t e d  m e t h y l a t i o n  of the t h i o e t h e r  b r i d g e s  of 
(107) and (110) w i t h  CH ^I in n e u t r a l  c o n d i t i o n s  wa s also u n ­
s u c c e s s f u l .
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1T R O P A N E  A L K A L O I D S  AND R E L A T E D  C O M P O U N D S  - A R E V I E W
The t r o p a n e  a l k a l o i d s  are a c l o s e l y  re l a t e d  gr o up  of 
n i t r o g e n o u s  c o m p o u n d s  c o m p r i s i n g  n a t u r a l  p r o d u c t s  of the 
C o n v o l v u l a c e a e , D i o s c o r a c e a e , E r y t h r o x y l a c e a e  and S o l a n a c e a e  
f a m i l i e s  t o g e t h e r  w i t h  a g r o w i n g  num b e r of s y n t h e t i c  a n a l o g u e s .
T hey  have a t t r a c t e d  i n t e r e s t  b e c a u s e  of their p h a r m a c o l o ­
gical a c t i v i t y  and reviews of the hi st or y , c h e m i s t r y  and p h a r ­
m a c o l o g y  of the p r i n c i p a l  tr o p a n e  a l k a l o i d s  have been p u b l i ­
shed in the ye ar s 1950^ , 1965^, 1970^ and 1977^. S e l e c t e d  
t r o p a n e  s t r u c t u r e s  (1-38) are listed, in or de r of year of 
s t r u c t u r a l  a s s i g n m e n t ,  in T a b l e  1. Some s t r u c t u r e s  of s y n ­
t h e t i c  o r i g i n  are inc lu de d .
Th e t r o p a n e  a l k a l o i d s  are f r e q u e n t l y  es t er s  of c o m m o n  
o r g a n i c  ac i ds  ( at r op ic  (39), b e n z o i c  (40) (see S c h e m e  6), 
c i n n a m i c  (41), et h a no i c , ( 4 - h y d r o x y p h e n y l ) - e t h a n o i c ,  
i s o v a l e r i c  (42), m a n d e l i c  (43), 4 - m e t h o x y b e n z o i c , 2 - m e t h y l -  
b u t a n o i c  (44), 2 - m e t h y l p r o p a n o i c , 2 - p h e n y l e t h a n o i c , ti gl ic  
(45), 3 , 4 , 5 - t r i m e t h o x y b e n z o i c , 3' , 4 ’ ,5'- t r i m e t h o x y c i n n a m i c , 
t r o p i c  (46) (see S c h e m e  6), t r u x i l l i c  (47), v e r a t r i c  (48) 
and o t he rs )  c o m b i n e d  wi th  one of a s e r i e s  of n i t r o g e n -  
b r i d g e d  b i c y c l i c  h y d r o x y a m i n e s  ( m e t h y l e c g o n i n e  (49), n o r t r o -  
pine (501), p s e u d o t r o p i n e  (51), s c o p i n e  (52), t r o p i n e  (53)
(see S c h e m e  1) and other s) .
T r o p i n e  (53) is b i o g e n e t i c a l l y  f o r m e d ^  ( Sc h em e  1) from  
a c e t a t e  and o r n i t h i n e  (54). The l a t t e r  is m e t h y l a t e d  at an 
ea r l y  s t a ge  to a - N - m e t h y l o r n i t h i n e  (55) w h i c h  u n d e r g o e s
26 - t r a n s a m i n a t i o n  to a - N - m e t h y 1 g l u t a m i c  m o n o - a l d e h y d e  (56). 
C y c l i s a t i o n  a f f o r d s  the N - m e t h y l p y r r o l i n i u m  salt (57) w h i c h  
c o m b i n e s  w i t h  a c e t o a c e t a t e  in a M a n n i c h - l i k e  c o n d e n s a t i o n .  
O x i d a t i v e  d e c a r b o x y l a t i o n  of (58) l e a d i n g  to the s u b s t i t u t e d  
N - m e t h y l  p y r r o l i n i u m  salt (59) is f o l l o w e d  by a s e co n d c y c l i ­
s a t i o n  f o r m i n g  t r o p a n - 3 - o n e - 2 - c a r b o x y l i e  acid (60).
T r o p i n e  (53) is f o rm e d  by d e c a r b o x y l a t i o n  of (60) f o l l o w e d  by 
r e d u c t i o n  of the r e s u l t i n g  keton e, t r o p i n o n e  (61). K e t o -  
ac id  (60) is. also regarded"* as the b i o g e n e t i c  p r e c u r s o r  of 
e c g o n i n e  (2) and 8-cocaine (8) (S ch eme  2). Es ter i f i c a t i o n  of 
t r o p i n e  (53) w i t h  tr o p i c  acid gives'* (Sc h em e  3) h y o s c y a m i n e  
(4), the m ost  w i d e l y  d i s t r i b u t e d  a l k a l o i d  of this group. 
L a b e l l e d  at C-2, ot - N- me t hyl or ni thi ne (55) (see S c h e m e  1) was 
s h o w n  to be i n c o r p o r a t e d  into the t r o p i n e  m o i e t y  of h y o s ­
c y a m i n e  w i t h o u t  loss of the N - m e t h y l  gr oup  and the c o n f i g u ­
r a t i o n  of the ot-carbon was re t ai n e d.
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The a d m i n i s t r a t i o n  of 1,4- C - p u t r e s c i n e  (62) (S ch em e 4) 
to D a t u r a  s p e c i e s  y i e l d e d  t r o p i n e  (53) l a b e l l e d  at C-l and 
C-5 w h i c h  i n d i c a t e s  an a l t e r n a t i v e  b i o g e n e t i c  ro u t e to (53) 
vi a (59), not i n v o l v i n g  d e c a r b o x y l a t i o n .
H y o s c y a m i n e  (4) was shown"* (Sch em e 5) to be a precursor of hyo- 
sc in e  (1), two i n t e r m e d i a t e s  in this i n t e r c o n v e r s i o n  being  
6 , 7 - d e h y d r o h y o s c y a m i n e  (63) and 6 - h y d r o x y h y o s c y a m i n e  (64).
T he t r o p i c  and m o i e t y  of h y o s c y a m i n e  (4) and h y o s c d n e  (1) is 
d e r i v e d  (S che me  6) f rom  phenylalanine (65) by an i n t r a m o l e c u ­
lar r e a r r a n g e m e n t  of the side chain. 2 - P h e n y l e t h a n o i c
3acid (66) also ser v es  as a p r e c u r s o r  of t r o p i c  acid.
How ev e r,  si nce  p h e n y l a l a n i n e  is a m u c h  m o r e  e f f i c i e n t  p r e c u r ­
sor, it se ems  p r o b a b l e  that the 2 - p h e n y l e t h a n o i c  ac id  is c o n ­
v e r t e d  to p h e n y l a l a n i n e  prior  to its i n c o r p o r a t i o n  into tr op i c  
acid. The c a r b o x y l a t i o n  of 2 - p h e n y l e t h a n o i c  acid to ph en y l  
p y r u v i c  acid (67) and t h e n c e  to p h e n y l a l a n i n e  has been d e m o n -  
s t r a t e d  in some ba c te r i a.  P h e n y l a l a n i n e  was a lso  fo un d  to 
be the s o ur c e  of the b e nz o i c acid moiety of 3-cocaine (8) (Scheme 6).
T i g l i c  acid e s t e r s  of h y d r o x y t r o p a n e s  c o n s t i t u t e  a group  
of m i n o r  a l k a l o i d s  of D a t u r a  and D u b o i s i a  s pec ies . In 
D a t u r a  f e r o x a n d  D i n n o x i a ,  7 - h y d r o x y - 3 ,6 - d i (t i g l y l o x y )tr o p a n e  
(68) is fo r m ed  ( S c he me  7) in the ro ots and is t he n t r a n s l o c a ­
ted to the l e a v e s  w h e r e  h y d r o l y s i s  o c c u r s  y i e l d i n g  m e t e l o i d i n e
(3) and t e l o i d i n e  (28).
T i g l i c  acid  (45) is d e r i v e d ^  fr om  i s o l e u c i n e  (69). The
m e t a b o l i c  c o n v e r s i o n  (S ch e m e 8) of i s o l e u c i n e  to t i g l i c  acid,
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via (70) and (44), has been e s t a b l i s h e d  in a n i m a l s  and, in 
p r i n c i p l e ,  co u ld  be o p e r a t i v e  in plant cells. It may be s i g ­
n i f i c a n t  that 2 - m e t h y l b u t a n o i c  acid (44) is fo und  e s t e r i f i e d  
w i t h  t r o p a n e  ba ses in some D u b o i s i a  sp ec ie s.
N o r t r o p i n e  (50) and pseudonortropine (71) w e r e  sh ow n  to be 
d i a s t e r e o i s o m e r i c a t  C ( 3 ) . S t e r e o s p e c i f i c  i n t r a m o l e c u l a r
N 0 ac yl m i g r a t i o n  too k p l ac e  (S che me  9) w h e n  N - a c e t y  1 -n o r -  
p s e u d o t r o p i n e  h y d r o c h l o r i d e  (72) was h e a t e d  g i v i n g  0 - a c e t y l -  
n o r - p s e u d o t r o p i n e  h y d r o c h l o r i d e  (73) w h e r e a s  N - a c e t y l
4n o r t r o p i n e  h y d r o c h l o r i d e  (75) faile d to re ac t un d er  the same 
c o n d i t i o n s .  Th is  b e h a v i o u r  is e v i d e n c e  for the cis or 3 
c o n f i g u r a t i o n  of the C(3) h y d r o x y l  r e l a t i v e  to the n i t r o g e n  
b r i d g e  in n o r - p s e u d o t r o p i n e  (71). The r e a r r a n g e m e n t  r e ­
q u i r e s  a t r a n s i t o r y  ring c l o s u r e  to a 2 - h y d r o x y t e t r a h y d r o _ l,3- 
o x a z i n e  (74) i n v o l v i n g  the boat form of the t r o p a n e  s k e l e t o n  
in the t r a n s i t i o n  state, in w h i c h  the N - a c y l  and h y d r o x y l  
g r o u p s  are in s t e ri c  pr o x im i t y.
3
The e p i m e r i c  b e n z o a t e s  b e h a v e d  s i m i l a r l y  . N o r p s e u d o -  
t r o p i n e  (71) r e a c t e d  w i t h  p - n i t r o b e n z a l d e h y d e  to f o r m  the 
t e t r a h y d r o o x a z i n e  (76), s t r u c t u r a l l y  r e l a t e d  to i n t e r m e d i a t e  
(74), w h e r e a s  n o r t r o p i n e  (50), un der the same c o n d i t i o n s ,  
a f f o r d e d  only N - p - n i t r o b e n z o y 1 n o r t r o p i n e  (77).
Th e same d i a s t e r e o i s o m e r i c  r e l a t i o n s h i p  b e t w e e n  t r o p i n e  
(53) and p s e u d o t r o p i n e  (51) was fi rst r e c o g n i s e d  by 
W i l l s t a t e r ^  and the s t e r e o c h e m i c a l  a s s i g n m e n t s  w ere  s u b s t a n ­
t i a t e d  m u c h  late r by d i p o l e  m e a s u r e m e n t s .  P s e u d o t r o p i n e  (51),
in w h i c h  the n i t r o g e n  b r i d g e  and h y d r o x y l  s u b s t i t u e n t  are cis,
8 9
w a s  sh o w n  to have a h i g he r  d i p o l e  m o m e n t  (2.20 and 1.68 D) 
th an t r o p i n e  (53) ( 1 . 5 9 ^ a n d  < 0.4^ D ) , in w h i c h  the C(3) 
h y d r o x y l  group is tr an s to the bridge.
The C-3 c o n f i g u r a t i o n s  of the t r o p a n - 3 - o l s  was also 
3
v e r i f i e d  by c o m p a r i n g  the ra te s of h y d r o l y s i s  of the e p i ­
m e r i c  0 - b e n z o y l  and 0 - p - n i t r o b e n z o y 1 t r o p a n - 3 - o l s  and of 
t he i r  d e r i v e d  m e t h i o d i d e s .  H y d r o l y s i s  of the t r o p i n e  e s te rs
5(endo or ax i a l in the c ha ir c o n f o r m a t i o n  (78) is s t e r e o -  
c h e m i c a l l y  h i n d e r e d  by the C(6), C(7) endo and C(2), C(4) 
e q u a t o r i a l  h y d r o g e n  at o m s  and was sh ow n to p r o c e e d  at sl o w er  
r a t e s  t ha n  for the less h i n d e r e d  p s e u d o t r o p i n e  e s t e r s  (79) 
(exo or e q u a t o r i a l  at C(3)).
T r o p i n e  (53) and p s e u d o t r o p i n e  (51) can be s e p a r a t e l y
3
o b t a i n e d  (S ch e m e 10) by s t e r e o s p e c i f i c  r e d u c t i o n  of t r o p i -
n o n e  (61): m a g n e s i u m - h y d r o c h l o r i c  acid  r e d u c t i o n  gave tr o-
3
p ine  (53) w h e r e a s  p s e u d o t r o p i n e  (51) was fo r me d w i t h  s o d i u m —  
e th a n o l .  T r o p i n o n e  (61), f o rm e d by C rO^  o x i d a t i o n  of e it her  
(51) or (53) (Sc h em e  10), gave a m o n o - o x i m e  and u n d e r w e n t  bis 
a - n i t r o s a t i o n  to (80), i n d i c a t i n g  the p r e s e n c e  of two a c t i v e  
m e t h y l e n e  groups. Ri ng  c l e a v a g e  in s u l p h u r i c  acid f u r n i s h e d  
N - m e t h y l  s u c c i n i m i d e  (81), an o b s e r v a t i o n  w h i c h  p r o v i d e d  e v i ­
d en c e  for the e x i s t e n c e  of the p y r r o l i d i n e  ring as a s t r u c ­
tu ra l  unit of the t r op a n es .
The m ost  p h a r m a c o l o g i c a l l y  i m p o r t a n t  t r o p a n e  a l k a l o i d s
are a t r o p i n e  (4), s c o p o l a m i n e  (1) and 8-cocaine (8). A t r o p i n e
(4) (T ab l e  1), the o p t i c a l l y  i n a c t i v e  fo rm of L - h y o s c y a m i n e ,
wa s f i rs t  i s o l a t e d  by M e i n ^  in 1833 f ro m  d e a dl y  n i g h t s h a d e ,
A t r o p a  b e l l a d o n n a .  L - H y o s c y a m i n e  is the most c o m m o n  t r o p a n e
a l k a l o i d  found in s o l a n a c e o u s  pl an ts  and was first i s o l a t e d  
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by G e i g e r  from h en ban e,  H y o s c y a m u s  ni g e r L. L - H y o s c y a m i n e  
is r a r e l y  i s o l a t e d  but r ath er  is r a c e m i s e d  to a t r o p i n e  d u ri n g  
the i s o l a t i o n  process. P r a b a b l y  the mo s t i m p o r t a n t  a c t i o n  
of a t r o p i n e  is c o n c e r n e d  w i t h  a n t a g o n i s m  of m u s c a r i n i c
6r e c e p t o r s  ( p a r a s y m p a t h e t i c  i n h i b i t i o n ) .  T h e s e  r e c e p t o r s  are
r e s p o n s i b l e  for s l o w i n g  of the h e a r t - b e a t ,  c o n s t r i c t i o n  of
the pu pil of the eye, v a s o d i l a t i o n  and s t i m u l a t i o n  of 
12
s e c r e t i o n s
L - S c o p o l a m i n e  (1) (Table 1), was fi rs t i s o l a t e d  by 
13
L a d e n b e n b u r g  f ro m Hyoscyamus , but can al so  be o b t a i n e d  as
the m aj o r  a l k a l o i d  fr om  the le a v e s  of D a t u r a  me t e l  L,
D. m e t e l o i d e s  L., and D. f a s t u o s a  var alba. As w i t h  L.
h y o s c y a m i n e ,  r a c e m i s a t i o n  t ak e s  place r e a d i l y  w i t h  alkal i.
The r a c e m i c  m o d i f i c a t i o n  o c c u r s  n a t u r a l l y  in D u b o i s i a
l e i c h h a r d t i i  von Muell, w h i c h  is the c o m m e r c i a l  so urce. A
14
p r o c e s s  for m a n u f a c t u r e  of s c o p o l a m i n e  has been d e s c r i b e d
3 - C o c a i n e  (8) (Table 1) was first i s o l a t e d  in 1 8 6 2 ^ ’^  
and a s s i g n e d  the f o r m u l a  C ^ ^ H ^ q O^N, but this was l ate r r e ­
v i s e d  to It is the p r i n c i p a l  a l k a l o i d  of the
v a r i o u s  sp e c i e s  of the genus E r y t h r o x y l o n ^ . The o u t s t a n d i n g
p r o p e r t y  o b s e r v e d  of 8-cocaine was its a b i l i t y  to p r o d u c e  n u m b ­
n ess  of the t on g u e  but it is also a c e n t r a l  n e r v o u s  s y s t e m  
s t i m u l a n t ,  c r e a t i n g  e u p ho r i a.  W h en  W i l l s t M t e r  p r e p a r e d  
(1896) a p o s i t i o n  is om e r  of coc aine, c a l l e d  a - c o c a i n e  (82), 
he o b s e r v e d  that it p r o d u c e d  no local  a n a e s t h e t i c  a c t i o n  on
the t o n g u e ^  but later (1955) it was d e m o n s t r a t e d  in an in-
18
t r a d e r m a l  i n f u s i o n  test that a - c o c a i n e  was a c t u a l l y  one-  
th i r d  to one e i g h t h  as s t r o n g  as local  a n a e s t h e t i c  as 8 - c o c a i n e  
(8). Two years later  it was pr ov e d that this i s o m e r  had the 
m e t h o x y c a r b o n y 1 group in the endo or a c o n f i g u r a t i o n  and the
7c u r r e n t l y  a c c e p t e d  s t r u c t u r e  of a - c o c a i n e  is (82). The
r e c e n t l y  (1975) p r e p a r e d  ep im er  (83) p r ov e d  also  to ha ve  no
l o c a l  a n a e s t h e t i c  a c t i o n  on the to n g ue  but was o n e - t h i r d  as
19
a c t i v e  as 3 - c o c a i n e  (8) in the i n t r a d e r m a l  test and l a c k e d  
s t i m u l a n t  action.
Of the mo r e r e c e n t l y  i s o l a t e d  t r o p a n e s  b e l l e n d i n e  (12)
( Tab le  1) b e a r i n g  a fused  y - p y r o n e  ring at C-2, C-3 is the
20
fi r s t  r e p o r t e d  a l k a l o i d  c o n s t i t u e n t  of the P r o t e a c e a e  
(P. B e l l e n d e n a  m o n t a n a )  and this same so ur ce  also f u r n i s h e d  
the s t r u c t u r a l l y  r e l a t e d  ep i m e r s  i s o b e l l e n d i n e  (15) and 
c i s - e n d o - d i h y d r o i s o b e l l e n d i n e  (16). O the r a l k a l o i d s  c o n ­
t a i n e d  in the P r o t e a c e a c e  are the s t r u c t u r a l l y  s i m p l e r  
t r o p a n - 3 ,6-d i o l m o n o -  and di es te rs,  the 3 - e t h a n o a t e  (17), 
the 3 - e t h a n o a t e - 6 - i s o b u t a n o a t e  (18) and the 3 - i s o b u t a n o a t e -  
6 - e t h a n o a t e  (19), the a b s o l u t e  c o n f i g u r a t i o n  of t he s e  c o m ­
p o u n d s  has not been e s t a b l i s h e d .
D a r l i n g i n e  (20), a m e t h y l a t e d  form of b e l l e n d i n e ,  was 
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i s o l a t e d  from D a r l i n g i a  f e r r u g i n e a  and from D. d a r l i n g i a n a .  
F e r r u g i n e  and f e r r u g i n i n e ,  m i n o r  c o n s t i t u e n t s  of the f o rm e r /  
l a t t e r  pr ov e d  to be 2 - a - b e n z o y l t r o p a n e  (21) and 2 - e t h a n o l y t r o p -  
2 -e n e  (22).
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N ew  t r o p a n e  a l k al o i d s ,  r e c e n t l y  i s o l a t e d  from 
S c h i z a n t h u s  gra ha m ii ,  are b i s - t r o p a n o l  e s t e r s  of the di ac id s ,  
m e s a c o n i c  (84) and i t a c o n i c  (85), n am ely , the s c h i z a n t h i n e s  
(36), (37) and (38).
The r e l a t i o n s h i p  b e t w e e n  c h e m i c a l  s t r u c t u r e  and p h y s i o ­
l o g i c a l  a c t i v i t y  r e m a i n s  a c e n t r a l  t h e o r e t i c a l  p r o b l e m  of 
d ru g  r e s e a r c h  and the t r o p a n e s  have been found  to a f f o r d  u s e ­
ful m o d e l  c o m p o u n d s  for this work.
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A c c o r d i n g  to Levy and H za r d  , a 1% s o l u t i o n  of n o r t r o ­
pine (50) c a u s e s  a 72% c o n t r a c t i o n  of the pupil  of the e n u c ­
l e a t e d  eye of the frog. The a - e p i m e r  (50) has a m y o p t i c  
e f f e c t  w h i c h  is not shown by the 3 - c o m p o u n d  (71) but the a- 
e p i m e r  has no s i g n i f i c a n t  e f f e c t  on the he a r t  or bl oo d ves s e l s.  
Its p a r a s y m p a t h o l y t i c  a c t i v i t y  is also w e a k  and u n c e r t a i n .
On the o the r hand, the 3-epimer, n o r - p s e u d o t r o p i n e  (71), 
s t r o n g l y  i n f l u e n c e s  blood circulation, and u n l i k e  a t r o p i n e  (A), 
it i n c r e a s e s  bl ood  p r e s s u r e  in a n i m a l s  w i t h o u t  s u p r a r e n a l  
gland (71). It i n c r e a s e s  the f r e q u e n c y  of the he a r t  beat 
and the s y s t o l i c  power.
Th e t r o p i n e  ether  (86) of b e n z h y d r o l  and its a r o m a t i c
r in g  s u b s t i t u i o n  p r o d u c t s  we re found  to p o s s e s s  c o n s i d e r a b l e
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a n t i h i s t a m i n i c  a c t i v i t y  ’ . The s y n t h e s i s  of t hes e et h e r s
wa s u n d e r t a k e n  s p e c i f i c a l l y  to i n v e s t i g a t e  such a c t i vi t y ,  
s in c e  the si mp l e r al ky l et h e r s  of b e n z h y d r o l  we re k n o w n  to 
be a n t i h i s t a m i n e s .  St ro n g  and l o n g - l a s t i n g  e f f e c t s  w er e  
d e m o n s t r a t e d  e s p e c i a l l y  by t r o p i n e  b e n z h y d r y l  e t h e r s  c h l o r i ­
n a t e d  in the p a r a / o r t h o  po s i ti o n s.  For ex am pl e , t r o p i n e - p -  
c h l o r o b e n z h y d r y 1 e th er is c a p a b l e  of s a v i n g  g u i n e a - p i g  for 
7 to 8 days from h i s t a m i n e  b r o n c h o s p a s m . Ev en  0.1 g
9of t hi s c o m p o u n d  is s u f f i c i e n t  to pr o t e c t  the a n i m a l  a g a i n s t
a l e t h a l  dose of h i st a m i n e .  By co n t ra s t , the b e n z h y d r y l  ether
2 6
of s c o p o l i n e  (101) show s no s i g n i f i c a n t  a n t i h i s t a m i n i c  a c t i ­
vity. A t r o p i n e  (A) has a c o n s i d e r a b l e  c e n t r a l  n e r v o u s  ef f e c t  
in a d d i t i o n  to its v e g e t a t i v e  p a r a s y m p a t h o l y t i c  a cti on.  Thus, 
h i g h e r  d ose s of a t r o p i n e  b r ing s abou t fits of rage, h a l l u c i ­
n a t i o n  and, in gene ra l, a st ro ng  e x c i t a t i o n  of the c e n t r a l  
n e r v o u s  system. Q u a t e r n i z a t i o n  c a u s e s  t hes e e f f e c t s  to d i s ­
ap pea r,  only the v e g e t a t i v e  a c t i o n s  b e i n g  r e t ai n e d.  On the 
ot h e r  hand, s c o p o l a m i n e  (1) has stron g d e p r e s s i v e  a c t i o n  and 
it has a l i m i t e d  use in c a l m i n g  r ag i n g  p a t i e n t s  s u f f e r i n g  
f r o m  m e n t a l  di se as e.
On the basi s of the o b s e r v e d  c e n t r a l  n e r v o u s  e f f e c t s  of 
c h l o r o p r o m a z i n e  (87) the t r o p a n e s  we re  d e r i v a t i s e d  w it h  the 
c h l o r o p r o m a z i n e  ring s y s t e m  in the fo rm of 9 - p h e n o t h i a z i n y l -  
a l k y l - n o r t r o p a n e s  (88). Such c o m p o u n d s  b e a r i n g  an a - h y d r o x y l
g r o u p  at C-3 w er e  more  a c t i v e  than the 3- e p i m e r s .  C h l o r o -  
s u b s t i t u t i o n  in the p h e n o t h i a z i n e  ring p r o d u c e s  i n c r e a s e d  
a c t i v i t y  w h e r e a s  r e p l a c e m e n t  of the t r o p a n e  h y d r o x y l  g ro up  
by h y d r o g e n  is u n f a v o u r a b l e .
The p r e s e n c e  of a t r i m e t h o x y b e n z o y l  gr ou p at C-3 of the 
t r o p a n e  s k e l e t o n  is ag a in  d e t r i m e n t a l ,  a l t h o u g h  this s t r u c ­
tu r a l  un it  m ak e s  a p o s i t i v e  c o n t r i b u t i o n  to the c e n t r a l  n e r ­
v o u s  a c t i o n  of other c o m p o u n d s  such as r e s e r p i n e  and m e s ­
ca lin e.
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P f e i f f e r  was the first to point out that the i n t e r -  
p r o s t h e t i c  d i s t a n c e s  b e t w e e n  the n i t r o g e n  a to m  and the a l c o ­
h o l i c  and c a r b o x y l  o x y g e n  w e re  5 and 7 X, r e s p e c t i v e l y ,  b ot h 
in a c e t y l c h o l i n e  and a t r o p i n e  (Fig. 1). He ar g u e d  that the 
sa me i n t e r p r o s t h e t i c  d i s t a n c e s  occur in ot her p a r a s y m p a t h o m i ­
m e t i c  c o m p o u n d s  w h i c h  can be a n t a g o n i z e d  by a t r o p i n e ,  e.g. 
dory.l (89), p r o s t i g m i n e  b ro m i d e (90) and p i l o c a r p i n e  (91).
It was h y p o t h e s i s e d  that t h e 7  $ d i s t a n c e  was i m p o r t a n t  
in the a t t a c h m e n t  of a c e t y l c h o l i n e  and, by i m p l i c a t i o n ,  the 
t r o p a n e s ,  to both the ne r ve  t e r m i n a l s  and the c h o l i n e s t e r a s e . 
H o w e v e r ,  only the t r o p a n e s  w ith  a -  c o n f i g u r a t i o n  at C-3 
p o s s e s s  the i n t e r p r o s t h e t i c  d i s t a n c e s  of 5 and 7 He nc e
on ly  the a- s eri es  should  e x h i b i t  p a r a s y m p a t h o l y t i c  a c t i v i t y  
w h i l e  the 3 -  se ri es  mi ght  be e x p e c t e d  to be i n ac t i ve .  Th is  
is not bo r n e out by e x p e r i m e n t a l  e v i d e n c e  w h i c h  shows that 
b o t h  the a -  and 3 - s e r i e s  affect, by b l o c k i n g  action, the 
s y m p a t h e t i c  and p a r a s y m p a t h e t i c  g a n g l i a  in m u c h  the same way. 
T h e y  a ls o d i s p l a y  no s e l e c t i v e  a f f i n i t y  for the r e c e p t o r s  of 
v e g e t a t i v e  gangl ia . It a p p e a r s  that g a n g l i o n i c  e f f e c t s  of 
the t r o p a n e s  are d e t e r m i n e d  p r i m a r i l y  by the n a t u r e  and 
s t e r i c  p o s i t i o n  of the s u b s t i t u e n t s  on the q u a t e r n i s e d  
n i t r o g e n  atom. For exam pl e, N - b u t y l  d e r i v a t i v e s  of both 
the a-  and 3 - t r o p a n - O - o l  es t e rs  p o s s e s s  c o n s i d e r a b l e  
g a n g l i o n  b l o c k i n g  a c t i o n  and also have the h i g h e s t  c u r a r e ­
l ik e  a c t i v i t y .  The p r e s e n c e  of a 3 - a - a c y l o x y  group, in the 
f o r m  of a si m p le  a r o m a t i c  acid ester or a r y l a l k y l h y d r o x y  acid
ester, critically a f f e c t s  the s e l e c t i v i t y  of the c u r a r e - l i k e  
a g e n t s  but is not a p r e r e q u i s i t e  for this a c t i vi t y.
T he o c c u r r e n c e  of local a n a e s t h e t i c  a c t i v i t y  is not
l i m i t e d  to c o m p o u n d s  b e a r i n g  the 7 - a z a b i c y c l o [ 3 . 2 . 1 ] o c t an e
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s k e l e t o n .  Such a c t i v i t y  has also been r e p o r t e d  ’ ’ for
the b i s p i d i n e s  (3 , 7 - d i a z a b i c y c l o [ 3 . 3 . 1 ] n o n a n e s ) and for the 
s t r u c t u r a l l y  u n r e l a t e d  s y n t h e t i c  a r o m a t i c  c o m p o u n d s ,  no v o-
O 1
c a i n e  ( p r oc a i ne ) ,  b e n z o c a i n e  and x y l o c a i n e .  N o v o c a i n e  (92) ,
p r e p a r e d  by r e a c t i o n  of p - a m i n o b e n z o i c  acid w it h  2-(N ,N-di- 
e t h y l a m i n o )e t h a n o l  us i n g s u l p h u r i c  acid as ca t a l y s t ,  has 
a b o u t  ha lf  the a n a e s t h e t i c  p o t e n c y  of 3 - c o c a i n e  (8) but is 
a b o u t  one f ou r t h  as toxic.
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B e n z o c a i n e  ( 9 3 p r e p a r e d  by r e a c t i o n  of p - n i t r o t o l u e n e ,
N a 2 Cr 2 0 ^  a nd etha no l, has loca l a n a e s t h e t i c  ac t i vi t y .
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X y l o c a i n e  (94) was p r e p a r e d  by the r e a c t i o n  of 2,6- 
d i m e t h y l b e n z y l a m i n e  w i th  c h l o r o e t h a n o y l  c h l o r i d e  and d i e t h y l  
amine . X y l o c a i n e  is a good ne rv e b l o c k i n g  a ge nt and shows 
l o c a l  a n a e s t h e t i c  and a n t i a r r h y t h m i c  a c t i v i t i e s .
M a n y  d e r i v a t i v e s  of b i s p i d i n e  h ave  now been p r e p a r e d  and
m a n y  e x h i b i t  b i o l o g i c a l  act iv i ty .  A few re c en t  e x a m p l e s  are
g i v e n  in ta bl e (2). The m os t potent a n a e s t h e t i c  of the bis- 
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p i d i n e s  is (95) (Ta.ble 2) w h i c h  is ab o u t 3 ti me s as a c t i v e
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as p r o c a i n e  (92). p - C h l o r o b e n z o a t e  (96) sh ow e d local a n a e ­
s t h e t i c  a c t i v i t y  but was also an a n t i a r r y t h m i c  of the m e m b r a n e  
2 +
d e p r e s s i v e  Ca a n t a g o n i s t  type.
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C o n s i d e r i n g  the p h y s i o l o g i c a l  a p p l i c a t i o n s  of the t r o ­
pane a l k a l o i d s  and the now c u s t o m a r y  b i o l o g i c a l  s c r e e n i n g  of 
s y n t h e t i c  a n a l o g u e s  of n a t u r a l l y - o c c u r r i n g  c o m p o u n d s ,  it is 
s u r p r i s i n g  that very l itt le r e s e a r c h  has been c a r r i e d  out on 
s u l p h u r  a n a l o g u e s  of this system. On c o m p a r i n g  the n i t r o g e n  
and s ul p h ur  b ri d g e d  b i c y c l o ( 3 . 2 . 1 )o ct ane  s y s t e m s  (102) and 
(103) the f o l l o w i n g  d i f f e r e n c e s  and s i m i l a r i t i e s  are noted:
1. N i t r o g e n  is basic, s u l p h u r  is neut ral .
2. Bo t h n i t r o g e n  and su l p h u r  are n u c l e o p h i l e s .
3. N i t r o g e n  is 3- va le nt,  s u l p h u r  can be 2,4 or 6 
valent.
4. As m o n o c a t i o n s  n i t r o g e n  is 4 - c o o r d i n a t e d  and 
su l p h u r  3 - c o o r d i n a t e d .
5. The G-S bond l e n g t h  (1 .8 X) is 0.3 8 l o n g e r  than 
the C-N b o n d (1.5 8)
6. The s i n g l y - b o n d e d  C - N - C  bond an g l e  is ^  107° and 
s i n g l y - b o n d e d  C- S - C  bond an g l e  is ^  90°.
The c o m b i n a t i o n  of 2 l o n g e r  C-S b o nd s and the m o r e  ac u t e  
S bo nd a ng l e  m ak e s  l i t t l e  d i f f e r e n c e  to the C-l and C-5 
d i s t a n c e  of (103) w h e n  c o m p a r e d  w i t h  (102); henc e, the th ia- 
and a z a - b i c y c l i c  s y s t e m s  are c l o s e l y  s i m i l a r  in shape. This 
s i m i l a r i t y  s u g g e s t s  that if 8 - t h i a b i c y c l o  (3.2. 1 )oct an es  
and p e r h a p s  also the m or e ea s i l y  o b t a i n e d  9 - t h i a b i c y c l o  
(4.2 .1)octanes w e r e  given s u i t a b l e  f u n c t i o n a l i t y  they m i gh t  
e x h i b i t  t r o p a n e - l i k e  a c t i v i t y .
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Si nc e  1955, s e ve r a l m e t h o d s  have been r e p o r t e d  for s y n ­
t h e s i s i n g  c o m p o u n d s  c o n t a i n i n g  a s ul p h u r  bridge, one of 
w h i c h  is the c o n d e n s a t i o n  of c y cl i c  p o l y a l k e n e s  w i t h  s u l p h u r  
d i c h l o r i d e .  The r e a c t i o n  of s u lp h ur  d i c h l o r i d e  w i t h  a l k e n e s  
ha s be en  k n o w n  for over a c e n t u r y  but it was only c o m p a r a t i v e l y  
r e c e n t l y  that the s y n t h e t i c  ut i l i t y  of the r e a g e n t  w as  fully
r e a l i s e d .  The tr an s  a d d i t i o n  of s u l p h u r  d i c h l o r i d e  to c a r b o n -
34
c a r b o n  d o u b l e  ba nd s is now b e l i e v e d  (S che me  11) to p r o c e e d  
via f o r m a t i o n  of a IT— c o m p l e x  and a c y c l i c  e p i s u l p h o n i u m
c a t i o n  (104), w h i c h  is o p e n e d  by c h l o r i d e  to give the
M a r k o v n i k o v  a d d uc t (105).
A d i r e c t  m e t h o d  of s y n t h e s i s i n g  c o m p o u n d s  w i t h  a su l p h u r  
b r i d g e  is by the e x t e n s i o n  of the a bo ve pr o c e s s  ( S ch e m e 11) to
t r a n s a n n u l a r  1:1 c o n d e n s a t i o n  of s ul p h u r  d i c h l o r i d e  w i t h  a c y ­
c lic  diene (e.g. (106) S c h e m e  12). Si n c e  this c o n d e n s a t i o n  
p r o c e e d s  by two s e q u e n t i a l  tr an s  a d di t i o n s ,  the p ro d u c t  (107), 
a 3,(3’-die h l o r o t h i o e t h e r ,  c o n t a i n s  two c h l o r i n e  s u b s t i t u e n t s  
cis to e a ch  other but tr a n s  to the s u l p h u r  bridge.
The r e a c t i o n  of s u l p h u r  d i c h l o r i d e  w i t h  s e v e r a l  s u b s t i ­
t ut e d  c y c l o h e p t a d i e n e s  has been s t u d i e d  by M c C a b e  and 
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R o u t l e d g e  to s y n t h e s i s e  p r e c u r s o r s  to th i a -  a n a l o g u e s  of
b i o l o g i c a l l y  a c t i v e  t r o p o n e  a l k a l o i d s .  U s i n g  this a p p r o a c h
c h l o r i d e ,  ester, c a r b o n y l  gr o u p s  and u n s a t u r a t i o n  h av e been
i n t r o d u c e d  at p o t e n t i a l l y  u s e f ul  p o s i t i o n s  of the b i c y c l i c
3 6
f r a m e w o r k .  R o u t l e d g e  o b s e r v e d  that no b i c y c l i c  a d d u c t
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was f o r m e d b e t w e e n  c y c l o h e p t a - 3 ,5 - d i e n o l  (108) and s u l p h u r  
d i c h l o r i d e  and this f a i lu r e  was a s c r i b e d  to the c o m p e t i n g  
r e a c t i o n  of s u l p hu r  d i c h l o r i d e  w i t h  the n u c l e o p h i l i c  h y d r o x y l  
g r o u p  to give, af te r h y d r o l y s i s ,  an ester, e.g. (109), of a 
s u l p h u r  oxya ci d. In the c u r r e n t  work, it was p r o p o s e d  to 
e x a m i n e  this r e a c t i o n  in mo re  detail, to i s o l a t e  if p o s s i b l e  
and prove the s t r u c t u r e  of the s u l p h u r - a c i d  d e r i v a t i v e  and to 
a l t e r  r e a c t i o n  c o n d i t i o n s  to favour d i e n e - s u l p h u r  d i c h l o r i d e  
i n t e r a c t i o n .  It w as  ho p e d that this w o u l d  p r o v i d e  a r ou t e  
to t h i a - t r o p a n - 3 - o l s  (ef (53) and (51)) and d e r i v e d  e st e r s  
(cf. (1), (3), (4) and (8)).
R o u t l e d g e  also found  that (110) f ai led  to a - a c y l a t e  
w h e n  t r e a t e d  w i t h  d i m e t h y l  c a r b o n a t e / s o d i u m  h y d r i d e  as a 
part of a s y n t h e t i c  ro ute  to a thia a n a l o g u e  of (3— c oca in e.
It was p l a n n e d  to i n v e s t i g a t e  a l t e r n a t i v e  c o n d i t i o n s  under  
w h i c h  the a - a c y l a t i o n  co u l d  be s u c c e s s f u l .
To e xt e n d  the a d a p t a b i l i t y  of this a p p r o a c h  to t h i a t r o -  
panes, it was p r o p o s e d  to a t t e m p t  r e p l a c e m e n t  or e l i m i n a t i o n  
r e a c t i o n s  of the h a l o g e n  s u b s t i t u e n t s  of 6 , 7 - d i c h l o r o - 8 - t h i a -  
b i c y c l o  (3 . 2 . 1 . )o ct an e (107) (Sch eme  12) to mi m i c the f u n c t i o ­
n a l i t y  of the e p o x id e (1), diol (3), a l k e n e  (13) and ethe r  
(25).
6 , 7 - D i s u b s t i t u t e d
C H A P T E R  1
8 - t h i a b i c y c l o [ 3 . 2 . 1 ] o c t a n e s
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The s y n t h e t i c  a p p r o a c h  of M c C a b e  and R o u t l e d g e  to t hi a -  
t r o p a n e s ,  by a d d i t i o n  of S C ^  to the c o n j u g a t e d  di en e s y s t e m  
of c y c l o h e p t a - 1 ,3 - d i e n e  (106) and its d e r i v a t i v e s ,  was i n t e n ­
ded to a l l o w  for f u n c t i o n a l  group m o d i f i c a t i o n s  at C-6 and 
C-7 of the a d d u c t s  (eg 107) i n v o l v i n g  the cis, v i c i n a l  c h l o ­
rine  s u b s t i t u e n t s .  It was, howe ve r, a p p r e c i a t e d  by t h em  
th at such m o d i f i c a t i o n s  w e re  li k e ly  to be d i f f i c u l t  to a c h i e v e
si n c e  the c h l o r i n e  s u b s t i t u e n t s  of the a n a l a g o u s  7 , 8 - d i c h l o r o -
3 7
9 - t h i a b i c y c l o [ 4 . 2 . 1 ]nonane (111) had been r e p o r t e d  to be 
u n r e a c t i v e  in c o m p a r i s o n  w i t h  the l a bi l e  c h l o r i n e  s u b s t i t u e n t s  
(also b o t h  (3 to the t h i o e t h e r  br id ge)  of the i s o m e r i c  2 ,6-di- 
c h l o r o - 9 - t hia b i c y c l o [3 .3 .1 ]nonane (112). For ex am p l e,  (111) 
f a i l e d  to u n d e r g o  n u c l e o p h i l i c  d i s p l a c e m e n t  w i t h  L i A l H ^  un der 
c o n d i t i o n s  w h i c h  r e a d i l y  c o n v e r t e d  (112) to 9 - t h i a b i c y c l o
[ 3 . 3 . 1 ] n o n a n e  (113).
3 8
F o l l o w i n g  on f rom  R o u t l e d g e ’s work, H e a n e y  wa s u n a b l e  
to e f fe c t  d e c h l o r i n a t i o n  of (107), w i t h  Zn /E tO H , a l t h o u g h  he
did a c h i e v e  c o n v e r s i o n  of (107) to (114), in m o d e s t  yield,
3 8
u s i n g  s o d i u m  in p r e s e n c e  of a n t h r a c e n e  . H e a n e y  also 
f o u n d  that r e a c t i o n  of (107) w i t h  s o d i u m  h y d r o x i d e  in 1,2- 
d i m e t h o x y e t h e n e  did not give diol (115), in c o n t r a s t  to the 
h i g h - y i e l d i n g  c o n v e r s i o n  of the d i c h l o r i d e  (112) to diol
(116) un d er  these c o n d i t i o n s .
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In the pr es e n t work, it was p r op o s ed  to e x a m i n e  the s p e ­
c ia l  r e a c t i v i t y  of the 3 » 3 1- d i c h l o r o t h i o e t h e r  m o i e t y  of (107) 
by e x p o s i n g  it to a se rie s of n u c l e o p h i l e s  of v a r y i n g  
s t r e n g t h  and b a s i c i t y  and to n u c l e o p h i l e s  in acid s o l u t i o n s  
of v a r y i n g  st r en g t h.  It was ex p e c t e d  that d i s c o v e r i e s  a r i ­
s in g  fr om this study w ou ld  lead to s y n t h e s e s  of 8 - t h i a b i c y c l o -
[ 3 . 2 . 1 ] o c t a n e s  b e a r i n g  the exact C-6, C-7 f u n c t i o n a l i t y  of the 
t r o p a n e s  (see Ta b l e  1) as well as c r e a t i n g  a ra n g e of new d e r i ­
v a t i v e s  for t e s t i n g  as p o t e n t i a l  t h e r a p e u t i c  agents.
The s t a r t i n g  point for the pre s e nt  study was the o b s e r -
3 8
v a t i o n  by H e a n e y  that a t t e m p t e d  d e c h l o r i n a t i o n  of (107) wi th  
Z n / E t O H  (see above), gave a liqui d pr o d u c t  w h i c h  was t e n t a ­
t i v e l y  a s s i g n e d  as 6 , 7 - d i e t h o x y - 8 - t h i a b i c y c l o [ 3 . 2 . 1 ] o c t a n e
(117). A study of this a p p a r e n t  s o l v o l y s i s  r e a c t i o n  was 
u n d e r t a k e n .
Thus, the d i c h l o r i d e  s t a r t i n g  m a t e r i a l  (107) was r e - s y n ­
t h e s i s e d  in 70% yield by h i g h - d i l u t i o n  r e a c t i o n  (S c he me  12) of 
c y c l o h e p t a - 1 ,3 - d i e n e  (106) w ith  s ul p h ur  d i c h l o r i d e  at -70°. The 
purified product^ m.p. 188-189°, showed a m o l e c u l a r  ion at m/e 
196, 198 and 200 of i n t e n s i t y  ratio 9:6:1 in the ma ss  s p e c ­
trum, c o n f o r m i n g  the p r e s e n c e  of two c h l o r i n e  atoms. The NMR 
s p e c t r u m  (Fig 2) showed  a c h a r a c t e r i s t i c  d o u b l e  d o u b l e t  of 
6 4.85, c o r r e s p o n d i n g  to the two H -CC 1 pr o t o n s  and a s l i g h t l y  
broadened sin g le t  at 6 3.42 a s s i g n e d  as the b r i d g e h e a d  pro to n s.  
The c o n f i g u r a t i o n  of the c h l o r i n e  a tom s of (107) was s u b s t a n t i -  
ted by the a p p a r e n t  NMR c o u p l i n g  of 4Hz (the l a r ge r  of the two
17
c o u p l i n g s  in the <5 4.85 do ub le  dou b l et )  b e t w e e n  H(5) and H(6)
(or H ( l ) a n d  H(7)), w h i c h  c o r r e s p o n d s  to a d i h e d r a l  a n g l e  of ca.
48° as c a l c u l a t e d  from the K a r p l u s  equa ti on:
J AB = 4 Hz = 9 C o s 2 9 - 0.3 Hz
A m o l e c u l a r  model, w i th  the c h l o r i n e  a t o m s  trans to the s u l p h u r  
b r i d g e  and the s i x - m e m b e r e d  ring in a c ha ir c o n f o r m a t i o n ,  p o s s e ­
s ses an H(5), H(6) d i h e d r a l  angle of ca. 50°, c l o s e  to the ab ov e  
p r e d i c t e d  value.
The a l t e r n a t i v e  p o s s i b i l i t y  in w h i c h  H(6) and H(7) are cis 
to the s u l p h u r  br id g e  w o u l d  p os s es s  an H(5), H(6) and H(l), H(7) 
d i h e d r a l  a ng l e  of ca. 90° w h i c h  wo u l d  r e s u l t  in a c o u p l i n g  c o n ­
s ta n t  c lo s e  to zero Hz. Th is  r a t i o n a l e  is a p p r o x i m a t e  sinc e H(l)
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H(5), H(6) and H(7) c o n s t i t u t e  an ^2^2 c o m P^-ex sp in  s y s t e m
(not a m e n a b l e  to f i r s t - o r d e r  a n a l ys i s ) and c o n s i d e r a t i o n  has been 
g i v e n  on ly to the in t e n s e  c en t r a l  four p eak s of the H(6), H(7) 
group, n e g l e c t i n g  the low i n t e n s i t y  s a t e l l i t e s .  T h e r e  was no o b ­
s e r v a b l e  c o u p l i n g  be t w e e n  H(6) and H(7) (the i dea l m o l e c u l e  has 
a m i r r o r  plane) as shown by do u b le  i r r a d i a t i o n  of H(l), H(5) at 
6 3 .42  w h i c h  c a u s e d  c o l l a p s e  of the H(6), H(7) a b s o r p t i o n  at 
6 4. 85  to a singl et . The a s s i g n e d  t ran s s t e r e o c h e m i s t r y  of the 
c h l o r i n e  and s u l p h u r  at om s is c o n s i s t e n t  w i t h  the a c c e p t e d  trans 
a d d i t i o n  m e c h a n i s m  of S G ^  c o n d e n s a t i o n  w i t h  a l k e n e s  as d i s c u s s e d  
in the I n t r o d u c t i o n  (see S ch e m e s l l  and 12).
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R e p e a t i n g  H e a n e y ’s a t t e m p t e d  d e c h l o r i n a t i o n  p r o c e d u r e  ,
(107) and a c i d - w a s h e d  zinc dust were r e f l u x e d  in e t h a n o l  for ca.
8 days, d u r i n g  w h i c h  time a c o l ou r l es s ,  w a t e r - s o l u b l e ,  a m o r p h o u s
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s ol i d  (zinc c h l o r i d e )  co ll ec t ed .  The d i s t i l l e d  l i q u i d  p r o ­
duct, b.p. 1 1 5° / 0 . 7  mm, gave m i c r o a n a l y t i c a l  f i g u r e s  c o n s i s ­
t en t  w i t h  the m o l e c u l a r  f o r m u l a  C ^ E ^ q C^S and s h o w e d  a mass  
s p e c t r a l  m o l e c u l a r  ion at m/e 216. The IR s p e c t r u m  p o s s e ­
ssed i n t e n s e  C-0 s t r e t c h i n g  a b s o r p t i o n s  at 1192, 1112, 1050 cm  ^
and the NMR s p e c t r u m  (Fig. 3) showed p r o m i n e n t  e t ho xy  a b s o r p ­
t i o n s  as a q u a r t e t  (4H) at 6 3.65 and a t r i p l e t  (6H) at 6 1.25. 
T he  b r i d g e h e a d  and m e t h y l e n e  s ig nal s at 6 3.27 and 6 1.1 - 2.4, 
of i n t e g r a t e d  i n t e n s i t i e s  1:3, c o n f i r m e d  that the b i c y c l i c  
f r a m e w o r k  had r e m a i n e d  intact. Thi s fir m l y e s t a b l i s h e s  the 
p r o d u c t  to be 6 , 7 - d i e t h o x y - 8 - t h i a b i c y c l o [ 3 . 2 . 1 ] o c t a n e  (117), 
f o r m e d  q u a n t i t a t i v e l y  by s o lv o ly s i s.
A l t h o u g h  (117) was v i r t u a l l y  the only p r o d u c t  of the 
a b o v e  r e a c t io n ,  the NMR s p e c t r u m  of the c rud e p r o d u c t  p o s s e ­
s se d  a very smal l vinyl  a b s o r p t i o n  (6 6.13) i n d i c a t i n g  that d e ­
c h l o r i n a t i o n  had ta ke n  place but only as a very mi n o r  p r o c e s s  
u n d e r  th e se  c o n d i t i o n s .  The small am o u n t  of (114) formed, 
b e i n g  v ol a t il e ,  was lost du ri n g  p u r i f i c a t i o n  of (117).
An a t t e m p t  was m ad e to favo ur  the d e c h l o r i n a t i o n  t h r o u g h  
a c t i v a t i o n  of the zinc by f o r m a t i o n  of z i n c - c o p p e r  co uple.
(107) W a s  r e f l u x e d  in ethe r w i t h z i n c - c o p p e r  c o u p l e  in p r e s e n c e  
of a smal l v o l u me  of d i m e t h y l  fo r m am id e . H o we v e r ,  this p r o ­
c e d u r e  pr ov e d  to be i n e f f e c t i v e  and the s t a r t i n g  m a t e r i a l  was 
r e t u r n e d  u n r e ac t e d.
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To a s s e s s  the role of the zinc in the s o l v o l y s i s  p r oce ss,  
(107) w as  r e f l u x e d  in e t h a n o l  alone, m o n i t o r i n g  the p r o g r e s s  
of the r e a c t i o n  by TLC. A fte r 15 days, the s t a r t i n g  m a t e r i a l  
h ad b e e n  q u a n t i t a t i v e l y  c o n v e r t e d  to (112) and no a l k e n e  was  
f o r m e d .
The m u c h  s l o w er  time of the latt er reac tio n, ta ke n t o g e ­
th er w i t h  the o b s e r v e d  f o r m a t i o n  of zinc c h l o r i d e  in the p r e ­
v i o u s  p r o c e du r e , i n d i c a t e s  that the zinc a c c e l e r a t e s  the r e ­
a c t i o n  (ca. by a fa ct or of 2), p r o b a b l y  by w e a k e n i n g  the C-Cl
bonds, t h r o u g h  t e t r a h e d r a l  c o o r d i n a t i o n ,  as s h ow n  in S c he m e 13. 
A f t e r  i n i t i a l  s u l p h u r - a s s i s t e d  C-Cl bond c l e av a ge ,  the h i g h l y  
r e a c t i v e  b r i d g e d  s u l p h o n i u m  i n t e r m e d i a t e  (118) is a t t a c k e d  
f a s t e r  by e t h a n o l  from the s o lve nt cage than the e l i m i n a t i o n
of the s e c o nd  c h l o r i n e  can occur.
Th e c o n f i g u r a t i o n  of C-6 and C-7 of (117) is a s s u m e d  to 
be the same as for (107) be c a u s e  the a p p a r e n t  c o u p l i n g  of ca.
5 Hz (the l arg er  of the two c o u p l i n g s  in the 6 4. 18  d o u b l e  
d o u b l e t )  and he nc e the d i h e d r a l  angles b e t w e e n  H(5) and H(6)
(or H(l) and H(7)) are a p p r o x i m a t e l y  the same in both c o m ­
p o u n d s  (see p 16 ). Thus, the s u b s t i t u t i o n  r e a c t i o n  of (107) 
w i t h  e t h a n o l  has o c c u r r e d  w i t h  s t e r e o c h e m i c a l  re t e n t i o n .
(107) b e h av e d  i d e n t i c a l l y  t o w a r d s  m e t h a n o l .  W h e n  a 
m e t h a n o l  s o l u t i o n  of (107) was s ti r r ed  u nde r r e f l u x  w i t h  
z i n c  dust, it was c o n v e r t e d  into 6 , 7 — d i m e t h o x y — 8 — t h i a b i c y c l o —
[ 3 . 2 . 1 ] o c t an e (119) in 95% yield in 6 days and only a m i n o r
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a m o u n t  of a l k e n e  (114) was o b s e r v e d  in the cr u de  pr oduct.
In the a b s e n c e  of zinc, c o m p l e t e  c o n v e r s i o n  r e q u i r e d  14 days 
(no a l k e n e  formed).
The s t r u c t u r a l  a s s i g n m e n t  of (119) was e s t a b l i s h e d  by its 
m i c r o a n a l y t i c a l  data, c o n s i s t e n t  w i t h  the m o l e c u l a r  formula,  
^ 9 ^ 1 6 ^ 2 ^  an<  ^ ^ ts s P e c t r os c o p i c  p r o p e r ti e s .  Th e m o l e c u l a r  
ion peak a p p e a r e d  at m/e 188 in the ma s s  s pe ct r um .  The NMR 
s p e c t r u m  (Fig. 4) sh o we d  a p r o m i n e n t  m e t h o x y  si n g l e t  at 6 3.49 
and the p r o t o n s  at C - 6 , C-7 a p p e a r e d  as a d o u b l e  d o u b l e t  at 
6 4.12. The l a rg e r c o u p l i n g  of 4 Hz w i t h i n  this g rou p i n d i ­
cates, as above, that s u b s t i t u t i o n  has t ak en  p la c e  wi th  
r e t e n t i o n .
The r e a c t i o n  of (107) w i t h  m e t h a n o l  was r e p e a t e d  r e p l a ­
c i n g  zinc dust w i t h  s o d i u m  metal. In this case, (107) fail ed
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to r e ac t  d e s p i t e  the p r e s e n c e  of the s t r o n g e r  n u c l e o p h i l e  M e O  . 
N u c l e o p h i l i c  s u b s t i t u t i o n  of this 3 , 3 * - d i c h l o r o s u l p h i d e  s y s t e m  
a p p e a r s ,  t h er e f o r e ,  to be d i s f a v o u r e d  if the n u c l e o p h i l e  is 
h i g h l y  e l e c t r o n  dense, cf. the a t t e m p t e d  r e d u c t i o n  of 
(111) w i t h  LiAlH^ . For co m p ar i s o n ,  L i A l H ^  t r e a t m e n t  of (107) 
w as  u n d e r t a k e n  but, a ft er 24 h in r e f l u x i n g  t e t r a h y d r o f u r a n , 
the s t a r t i n g  m a t e r i a l  r e m a i n e d  un r e a c t e d .
As an e x t e n s i o n  of the r e a c t i o n  of (107) w i t h  the a l c o h o l  
f u n c t i o n ,  (107) was r e f l u x e d  wi th  1 , 2 - d i h y d r o x y e t h a n e  in p r e s e n c e  
of zinc. In 4 hours, a si n g le  c r y s t a l l i n e  pro du c t,  C ^ H ^ ^ 0 2 S ,  
m.p. 40-42°, was f or med  in 79% yield. Th is s h o w e d  a m o l e c u l a r  
ion at m/e 186 in the mass s p e c t r u m  and the IR s p e c t r u m
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p o s s e s s e d  i nt e n s e  C-0 s t r e t c h i n g  a b s o r p t i o n s  at 1237, 1112 
and 1032 cm In a d d i t i o n  to the b i c y c l i c  m e t h y l e n e  (6
2.5 - 1.4) and b r i d g e h e a d  (6 3.3) signals, new p eak s a p p e a r e d  
in the N MR  s p e c t r u m  (Fig. 5) at 6 4.05 and 3.90, of i n t e g r a t e d  
i n t e n s i t y  ratio 2:1, w h i c h  w e r e a s s i g n e d  to N ^ C - O -  and H C - 0 -  
r e s p e c t i v e l y .  Thus, the s t r u c t u r e  of this pr o d u c t  was e s t a ­
b l i s h e d  as (120), the s t e r e o c h e m i c a l  a s s i g n m e n t  be in g  ba se d  
on the s i m i l a r  a p p e a r a n c e  of H - C - 0  and b r i d g e h e a d  s i g n a l s  to 
t h o s e  of (107), (117) and (119).
To a s s e s s  the r e a c t i v i t y  of (107) t o w a r d s  p o w e r f u l  n u c l e -
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o p h i l e s  w h i c h  are not basic (cf. M e O  above), the r e a c t i o n s  of 
(107) w i t h  e t h a n e - 1, 2 -d i t h i o l  and w it h  p o t a s s i u m  c y a n i d e  were 
i n v e s t i g a t e d .
The r e a c t i o n  of (107) wi th  r e f l u x i n g  e x c e s s  e t h a n e - 1 , 2- 
d i t h i o l  in the p r e s e n c e  of zinc p r o c e e d e d  in an i d e n t i c a l  
f a s h i o n  to that w it h  1 , 2 - d i h y d r o x y e t h a n e  and gave (121), m.p. 
55 - 56° in 83% yi eld a ft er 23 hours. (107) f a il e d  to r ea c t  
w i t h  e t h a n e - 1 ,2 - d i t h i o l  w hen  the r e a c t i o n  was c o n d u c t e d  in re- 
f l u x i n g  1 , 4 - d i o x a n  in a b s e n c e  of zinc.
In c o n t r a s t  to the s u b s t i t u t i o n  o b s e r v e d  in the t r e a t ­
m e n t  of (107) w i t h  e t h a n e - 1 ,2 - d i t h i o l / z i n c , r e a c t i o n  of (107) 
w i t h  p o t a s s i u m  c y a n i d e  in the p r es e n c e  of zinc gave a s i n g l e  
p r o d u c t  c o n t a i n i n g  no n it rog en . The IR s p e c t r u m  did not p o ­
s se s s  C=N s t r e t c h i n g  a b s o r p t i o n s  at ca. 2 1 0 0 - 2 2 0 0  cm 1 c o r r e s ­
p o n d i n g  to the s t r u c t u r e  (122). The p r e s e n c e  of v i n y l i c  a b ­
s o r p t i o n s  ( 6.13 , 2 H , dd) in the NMR  s p e c t r u m  (Fig. 6)
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t o g e t h e r  w i t h  b r i d g e h e a d  (6 3.63, 2H) and m e t h y l e n i c  (6 2.3 - 
1.5, 6H) s i g n a l s  c o n f i r m e d  the s t r u c t u r e  as the u n s a t u r a t e d  
s u l p h i d e  (114). (107) fa i le d  to react w i t h  p o t a s s i u m  c y a n i d e
w h e n  the r e a c t i o n  was ca r r i e d  out in the a b s e n c e  of zinc.
T h e s e  r e s u l t s  su g g e s t  that the zinc c o m p l e x e s  ( S c he me  14)
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w i t h  the c h l o r i n e  a to m s  of (107), the st ro n g  n u c l e o p h i l e  CN
s u p p l y i n g  the r e m a i n i n g  two l i ga n ds  of a t e t r a h e d r a l  c o m p l e x  
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((123), L = C N ). S u l p h u r - a s s i s t e d  e x p u l s i o n  of c h l o r i d e  ion,
as p r e v i o u s l y  p r o p o s e d  (see Scheme  13), is f o ll o w ed , in this
case, by r ap id e l i m i n a t i o n  of the s eco nd c h l o r i n e ,  f o r m a l l y
as a c h l o r o n i u m  ion. It wo u l d  appea r that the h i g h  e l e c t r o n
d e n s i t y  of the c h l o r i n e  at oms of (124) deter the e l e c t r o n  rich  
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CN ion, as a n u c l e o p h i l e ,  from a p p r o a c h i n g  C(6), thus p r e v e n ­
t in g  s u b s t i t u t i o n .  By co m p a r i s o n ,  the a p p r o a c h  of e t h a n o l  
(see S c h e m e  13) to C(6) of (118) is not b l o c k e d  in this way 
b e c a u s e  of the m u c h  lower ch a n g e  d e n s i t y  on the e t h a n o l  o x y ­
gen n u c l e o p h i l e .
In a m a n n e r  s i m i la r  to the s o l v o l y s i s  of (107) w i t h  a l c o ­
hols, (107) r e a c t e d  w i t h  w at e r  in n e u t r a l  m e d i u m  ( a q u e o u s  te- 
t r a h y d r o f u r a n ) in p r e s e n c e  of zinc to give diol (115), m.p.
202 - 206° (s ea led  tube) after 3 days reflux. Th e s i n g l e  
c r y s t a l l i n e  product, C 7 H 120 2 S, formed in 75% yield, s h o w e d  a 
m o l e c u l a r  ion peak at m/e 160 in the m as s s p e c t r u m  and e x h i ­
b i t e d  s t r o n g  i n f r a r e d  bands at 3620, 3420, 1456, 1428 cm 
due to 0 - H and C-0 s tr e t c h i n g .  In a d d i t o n  to the b r i d g e ­
h e a d  (6 3.26) and m e t h y l e n e  (6 2.2 - 1.5) a b s o r p t i o n s  of the
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b i c y c l i c  sk el eto n, the NMR s p e c t r u m  (Fig. 7) s h o w ed  an H - C - 0  
r e s o n a n c e  as a do ub le do u b l e t  (like the H - C - C l  dd of (107)) 
at 6 A .45 and a broad, d e u t e r i u m  - e x c h a n g e a b l e  si n g l e t  at 
6 3.0, due to the p r e s e n c e  of h y d r o x y l  s u b s t i t u e n t s  at C-6 
and C - 7 . Thus s o l v o l y s i s  had o c c u r r e d  w i t h  s t e r e o c h e m i c a l  
r e t e n t i o n .
The diol was also form ed  wh en the r e a c t i o n  of (107) w i t h  
w a t e r - t e t r a h y d r o f u r a n  was re-run, in the a b s e n c e  of zinc (75% 
y i e l d)  or in the p r e s e n c e  of a few dr ops  of h y d r o c h l o r i c  acid  
(3 M ) , w h e r e a s  r e f l u x  of (107) in a q u e o u s  a c e t o n e  in the p r e ­
s e n c e  of zinc for 40 ho ur s  gave only u n r e a c t e d  s t a r t i n g  
m a t e r i a l .
It is n o t e w o r t h y  that the d i c h l o r i d e  (107) u n d e r g o e s  s o l ­
v o l y s i s ,  wi t h or w i t h o u t  zinc, by all th r ee  of the w e a k  n u c l e ­
o p h i l e s ,  et hanol, m e t h a n o l  and water.
The r e a c t i o n  of (107) wi th  f o r m a l i n  in p r e s e n c e  of zinc 
wa s  a t t e m p t e d  in the hope that r e p l a c e m e n t  of bo th c h l o r i n e  
s u b s t i t u e n t s  wo u l d  take place w i th  the h y d r a t e  of m e t h a n a l ,
i.e. 1 , 1 - d i h y d r o x y m e t h a n e , to give the a c e t a l  (125), cf. r e ­
a c t i o n  w i t h  1 ,2 - d i h y d r o x y e t h a n e  (above). In the event, (125) 
w as  not fo rm ed  but r e a c t i o n  of (107) w i t h  the e x c e s s  w a t e r  p r e ­
sen t oc c u rr ed ,  f o r m i n g  ag ai n  diol (115).
As a me an s  of m o d i f y i n g  the ne wly c r e a t e d  C(6), C(7) 
di ol f u n c t i o n a l i t y  in the 8 - t h i a b i c y c l o [ 3 . 2 . 1 ] o c t a n e  system,  
an a t t e m p t  was made to m o n o - d e h y d r a t e  (115) by r e f l u x  in
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a q u e o u s  t e t r a h y d r o f u r a n  c o n t a i n i n g  a few drops of 3 M h y d r o ­
c h l o r i c  acid. T his  tr e a t m e n t  gave no r e a c t i o n  and, as yet, 
d e h y d r a t i o n  w i t h  other  ag e nt s  (e.g. H^PO^, H 2 SO^, p -TS A) has 
not been explo re d.
F o l l o w i n g  the fai l u re  of (107) to re ac t  w i t h  the s t r o n g  
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n u c l e o p h i l e ,  M e O  , the r e a c t i o n  of (107) w i t h  OH was r e i n v e s t i ­
g a t e d " ^  .
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In a c co r d  w i t h  H e a n e y ' s  o b s e r v a t i o n s  , (107) was fo und
to re ac t  w i t h  s o d i u m  h y d r o x i d e  in a q u e o u s  d i m e t h o x y e t h a n e  to 
g ive  a ca. 1:1 m i x t u r e  of s t a r t i n g  m a t e r i a l  and one pro duct, 
w h i c h  H e a n e y  had p r e v i o u s l y  e s ta b l i s h e d ,  after  s e p a r a t i o n ,  to 
be the u n s a t u r a t e d  s u l p h o x i d e  (126) . W h e n  the r e a c t i o n  was
r e p e a t e d  in p r e s e n c e  of zinc, the s u l p h o x i d e  (126) was a c c o m ­
p a n i e d  by the u n s a t u r a t e d  s u lp h i de  (114), th ese s t r u c t u r a l  
a s s i g n m e n t s  being ma d e  by NMR c o m p a r i s o n  wi t h  the pure c o m p o ­
ne nts , w i t h o u t  s e p a r a t i o n  of the mi xt ur e . W h e n  the r e a c t i o n  
of (107) w i t h  s o d i u m  h y d r o x i d e  was c a r r i e d  out in a q u e o u s  d io -
xan, (126) was o b t a i n e d  as a single c r y s t a l l i n e  p r o d u c t  (72%
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y ie ld ),  m.p. 180 - 181 (lit. 190 - 192 ). The a p p e a r a n c e
of its m o l e c u l a r  ion peak at m/e 142 in the m as s s p e c t r u m  and 
the p r e s e n c e  of viny l (6 6.15), rather  than h y d r o x y l ,  a b s o r p ­
ti on  in the NMR s p e c t r u m  co n f i r m e d  that the diol (115) (f.w.
160) had not been formed. The pr od uc t  p o s s e s s e d  the bi cy -  
cl ic  s k e l e t o n  as shown by the b r i d g e h e a d  (6 3.25) and m e t h y ­
l e n e  a b s o r p t i o n s  (6 2.1 - 1.5), of i n t e g r a t e d  i n t e n s i t y  ra ti o  
1:3, in the NMR s p e c t r u m  (Fig. 8) and the a p p e a r a n c e  of s t r o n g
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IR ba nd s  at 1075 and 1055 cm  ^ c o n f i r m e d  that the s u l ph u r
b r i d g e  e x i s t e d  as a sul pho x id e .  The p r o d u c t  was thus the
u n s a t u r a t e d  s u l p h o x i d e  (126). The s ul p h u r  c o n f i g u r a t i o n
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f o l l o w e d  from the a s s i g n m e n t  of H e a n e y  , who had i s o l a t e d  
p ure  s a m p l e s  of the two s u l p h o x i d e  d i a s t r e o i s o m e r s , w h i c h  
had d i f f e r e n t  m e l t i n g  points and d i s t i n c t i v e  s p e c t r o s c o p i c  
f e a t ur e s.  It is n o t e w o r t h y  that only one of the s u l p h o x i d e  
d i a s t r e o i s o m e r s  is s t e r e o s p e c i f i c a l l y  fo rm e d  in the h y d r o x i d e  
t r e a t m e n t  of (107) and o x i d a t i o n  at s ul p h ur  has a p p a r e n t l y  
o c c u r r e d  in the a b s e n c e  of a formal o x i d i s i n g  agent.
A m e c h a n i s m  w h i c h  a c c o u n t s  for t he se o b s e r v a t i o n s  is gi v e n
in S c h e m e  15. S u l p h u r - o x y g e n  c o o r d i n a t i o n  is b r o u g h t  ab ou t
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by a t t a c k  of OH on the b r id g e d e p i s u l p h o n i u m  ion (127);
f o r m e d  by s p o n t a n e o u s  sulphur-assisted i o n i s a t i o n  of (107) in
the pola r solvent. The s u l p h u r - o x y g e n  bond is e x c l u s i v e l y
f o r m e d  anti to the new c a r b o n - s u l p h u r  link. Th e r e s u l t i n g
t r a n s i e n t  s u l p h u r a n e  (128) u n d e r g o e s  a G r o b - l i k e  f r a g m e n -  
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t a t i o n  w i t h  e l i m i n a t i o n  of the e l e m e n t s  of HC1 , f o r m i n g  that 
s u l p h o x i d e  (126) in w h i c h  the s u l p h i n y l  o x y g e n  is anti w i t h  
r e s p e c t  to the do u bl e  bond formed.
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This s e q u e n c e  is un u s u a l  be cau se  the n u c l e o p h i l e  (OH) 
ha s a t t a c k e d  the e p i s u l p h o n i u m  sulphur, the most e l e c t r o p h i l i c  
site, rat h e r than the more usual ring o p e n i n g  p r o c e s s  of 
a t t a c k  at one of the two e p i s u l p h o n i u m  ring c a rb o n s ,  w h i c h  
are s t e r e o c h e m i c a l l y  h i n d e r e d  in this system. The G r o b -  
li ke  f r a g m e n t a t i o n  (Scheme 15) p r o v i d e s  a ra pi d m e a n s  to
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a l l e v i a t e  ring st ra in in the u n s t a b l e  s u l p h u r a n e  w i t h o u t  r e ­
v e r s i o n  to s t a r t i n g  m at eri al s.
T hi s  e l i m i n a t i o n  p ath way  wo uld not n e c e s s a r i l y  be p o s s i b l e
0
for all othe r n u c l e o p h i l e s ,  e.g. M eO  , in w h i c h  case the s u l ­
p h u r a n e  (129), if formed, (Scheme 16) w o u l d  f r a g m e n t  most  
l i k e l y  by r e a t t a c h m e n t  of c hl or i d e  ion and s u l p h u r - o x y g e n
bond c l e a v a g e  w i t h  r e v e r s i o n  to the s t a r t i n g  m a t e r i a l s .
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A t t a c k  on (127) from the a - fa ce  by M eO  at C(6) ( Sch em e 17) 
is both s t e r e o c h e m i c a l l y  h i n d e r e d  (by the endo C ( 3 ) - H  and 
the C ( 7 ) - C 1  atom s) and str o ng l y  d i s f a v o u r e d  by e l e c t r o n  r e ­
p u l s i o n  wi t h  the C(7) c h l o r i n e  atom lone pairs. The a l t e r -
©
n a t i v e  ring o p e n i n g  by a t ta c k of MeO at C-5 ( S c h e m e  18) is 
l i k e w i s e  s t e r e o c h e m i c a l l y  h i n d e r e d  but is also u n f a v o u r a b l e  
on a c c o u n t  of the a ng le st r ai n e n g e n d e r e d  in the d e v e l o p i n g  
f o u r - m e m b e r e d  ring pr o du c t  (130).
T h e s e  c o n s i d e r a t i o n s  a c co u n t for the fa i l u r e  (see above)
of (107) to react with N a / M e O H  and, by a n a l o g y  w i t h  the h i g h l y
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e l e c t r o n  dense AlH^ ion. It thus a p p e a r s  that s t e r i c a l l y  
d e m a n d i n g  and hi g h l y  e l e c t r o n  rich n u c l e o p h i l e s  wi ll be d i s ­
i n c l i n e d  to effect  r e p l a c e m e n t s  at C(6) and C(7) of (107) 
and will at t a c k  at S(8) only if the i n t e r m e d i a t e  s u l p h u r a n e  
can f r a g m e n t  to a st ab le  product.
To e xa m in e  the r e a c t i v i t y  of (107) to n u c l e o p h i l e s  w h i c h  
are w e a k l y  basic, r e a c t i o n  of (107) to w a r d  s e l e c t e d  a m i n e s  
wa s i n v e s t i g a t e d .
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(107) was found to be inert to t r i e t h y l a m i n e  in pr e s e n c e  
of zinc. In a c c o r d  with the above c o n s i d e r a t i o n s ,  t r i e t h y l -  
a m i n e  w o u l d  be e x p e c t e d  to be too s t e r i c a l l y  d e m a n d i n g  to 
br i n g  ab ou t s u b s t i t u t i o n  at C(6) and C(7) or to be an e f f e c ­
t iv e  l i g an d  to the zinc.
(107) Al so  f ail ed to react wi th 1 , 2 - d i a m i n o e t h a n e  alone,
but in p r e se n c e  of zinc a rapid r e a c t i o n  took place, w i t h  the
f o r m a t i o n  of zinc chlor ide , to give the a l ke n e  (114). This
r e a c t i o n  has p r o c e e d e d  in a simi la r ma n n e r  to that of (107)
w i t h  CN (see S ch eme  14 wh e r e L,L = l ^ N C R ^ C I ^ N K ^ ) . The c lo s e
p r o x i m i t y  of the two amin o groups c r e a t e s  ag ai n  h i gh  e l e c t r o n  
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d e n s i t y  (cf. CN), as well as the ch el at e  ef fe ct  in this case, 
and, as before, su b st i t u t i o n ,  wh i c h  would have f or med  (131), is 
d i s f a v o u r e d .  In c o n t r a s t  to the e l i m i n a t i o n  r e a c t i o n  o b s e r ­
ved in the t r e a t m e n t  of (107) with 1 , 2 - d i a m i n o e t h a n e , (107) 
u n d e r w e n t  r e p l a c e m e n t  w i t h the we ak e r  n i t r o g e n  n u c l e o p h i l e ,
1 , 2 - d i a m i n o b e n z e n e . This rea c te d  s m o o t h l y  w i th  (107) f o r ­
m i n g  a si n g le  c r y s t a l l i n e  produ ct (69%), m.p. 14 4- 14 5°,  w h i c h  
w a s  s e p a r a t e d  from exce ss  re age nt  by p r e p a r a t i v e  t.l.c. The
p r o d u c t  showed a m o l e c u l a r  ion at m/e 232 in the ma ss  sp e c-
-1 -1 
trum. It ex h i b i t e d  strong N-H(3365 cm ) and C-N(1265 cm )
s t r e t c h i n g  a b s o r t p i o n  in the IR spe ctrum. New peaks 
a p p e a r e d  in the NMR s p e c t r u m  (Fig. 9) at 6 6.66 and 6 4.09 
of i n t e g r a t e d  i n t e n s i t y  ratio 2:1, due to the a r o m a t i c  p r o t o n s  
and H - C N  r e s p e c t i v e l y  and thus was a s s i g n e d  the s t r u c t u r e  (132). 
T h e r e  was no evid enc e, in the crude product, of d e c h l o r i n a t i o n  
h a v i n g  oc cur re d.
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Thus, as pr e v i o u s l y  noted with the w e ak  o x y g e n  n u c l e o ­
philes , etha nol , me th ano l, 1 , 2 - d i h y d r o x y e t h a n e  and wa te r,  the 
less e l e c t r o n  dens e n i t r o g e n  nucl e o p h i l e s r e a c t  w i t h  (107) 
g i v i n g  s u b s t i t u t i o n  prod uct s.
Si nc e  a m a r k e d  d i f f e r e n c e  in r e a c t i v i t y  w as  o b s e r v e d  for 
r e a c t i o n  of (107) w i t h  1,2 d i a m i n o e t h a n e  and 1 , 2 - d i a m i n o b e n z e n e , 
a l t h o u g h  both are bases, the p o s s i b i l i t y  was c o n s i d e r e d  that 
(107) may b e ha v e  d i f f e r e n t l y  to the n e u t r a l  1 , 2 - d i h y d r o x y -  
e t h a n e  (see above) and the w e a kl y  acid ic 1 , 2 - d i h y d r o x y  b e n z e n e  
and p h e n o l .
R e f l u x  of (107) in liqui d c a t e c h o l  in p r e s e n c e  of zinc 
for 2 hours, f u r n i s h e d  a c o l o u r l e s s  c r y s t a l l i n e  produ ct,  (81%), 
m.p. 99 - 100°, w h i c h  was se p a r a t e d  from e xc e s s  r e a g e n t  by p r e ­
p a r a t i v e  t.l.c. The a s s i g n e d  s t r u c t u r e  of (133) was c o n s i s ­
te nt w i t h  m i c r o a n a l y t i c a l  figures, C 13 H 14 O^S, and a m o l e c u l a r  
io n at m/e 234. The IR s p e c t r u m  p o s s e s s e d  i n t e n s e  C-0 s t r e t ­
c h i n g  a b s o r p t i o n s  at 1064, 1043 cm * and the NMR s p e c t r u m  (Fig. 
10) s h ow e d p r o m i n e n t  a r o m a t i c  peaks (4H) at 6 6.95. The 
b r i d g e h e a d  and m e t h y l e n e  si g na ls  in the NMR s p e c t r u m  (Fig. 10) 
at 6 3.52 and 6 1.5 - 2.5, of i n t e g r a t e d  i n t e n s i t i e s  1:3, c o n ­
f i r m e d  the p r e s e n c e  of the b ic y c li c fr am ew o rk .  On ce  a g a i n  the 
a p p e a r a n c e  of the H -C 0 signal as 4 peaks, e m b o d y i n g  a l ar g e r  
c o u p l i n g  c o n s t a n t  of 4 Hz (a p p r o x i m a t e l y  the same as for (107)) 
w i t h  the b r i d g e h e a d  ab s or p t i o n ,  v e r i f i e d  that the n u c l e o p h i l i c  
s u b s t i t u t i o n  had o c c u r r e d  with r et ent io n.
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R e a c t i o n  of (107) wi th  phenol in p r e s e n c e  of zinc f u r ­
n i s h e d  a c o l o u r l e s s  c r y s t a l l i n e  pro d u ct  (82%). The p r o d u c t  
s h o w e d  a m o l e c u l a r  ion at m/e 218 in the ma ss sp e c tr u m . The 
N MR s p e c t r u m  (Fig. 11) of this pro d u ct  was c o mp l e x.  In a d d i ­
t io n  to the broad b i cy c l i c  m e t h y l e n e  a b s o r p t i o n s  (6 2 . A - 1.1) 
and two d i f f e r e n t  b r i d g e h e a d  signa ls  at 6 4.4 (H -C (l) ) 
and 6 3 . 6 2 , ( H - C (5 ) ) , new peaks a p p e a r e d  in the NMR s p e c t r u m  
at 6 6.6 - 7.3 and 6 5.60, of i n t e g r a t e d  i n t e n s i t y  r a t i o  
5:1. T h e s e  w er e a s s i g n e d  to a r o m a t i c  anil vi nyl p r ot o ns  
r e s p e c t i v e l y .  Thus, the produ ct was e s t a b l i s h e d  as h a v i n g  the 
u n s y m m e t r i c a l  s t r u c t u r e  (134). S p e c u l a t i v e  m e c h a n i s t i c  c o n ­
s i d e r a t i o n s  r e g a r d i n g  the r e a c t i o n  of (107) w i t h  ph e n o l  are 
r a i s e d  in Sc he m e  19. S u b s t i t u t i o n  can take pl a c e  by a t t a c h -
e
m e n t  of PhO ( p r o du c e d by re a c t i o n  of P hOH  w ith  zinc) at C-6 of 
the e p i s u l p h o n i u m  ion (127), formed by s p o n t a n e o u s  s u l p h u r -  
a s s i s t e d  i o n i s a t i o n  of (107) as before. The i n t e r m e d i a t e  
(135) co uld  u n d e r g o  a seco nd  s u l p h u r - a s s i s t e d  i o n i s a t i o n  to 
give (136) but, b e c a us e of the steric c r o w d i n g  and e l e c t r o n  
d e n s i t y  r e p u l s i o n  p r e v i o u s l y  a ll u d e d  to in Sc he m e 13, the
e>
a p p r o a c h  of a seco nd  PhO at C-7 of (136) is d i s f a v o u r e d ,  thus 
p r e v e n t i n g  the f o r m a t i o n  of the s u b s t i t u t i o n  p r o d u c t  (137). 
A l t e r n a t i v e l y ,  (136) could un d e r g o  e l i m i n a t i o n  to form a l k e n e  
(134) but the bonds being broken, na me ly  C ( 6 ) - H  and C(7)- S,  
ar e syn to each other. It is more li k el y  that a f a c i l e  a n t i ­
e l i m i n a t i o n  oc cu r s  d i r e c t l y  from (135) ( S che me 19) in w h i c h  
the C-C l bond is w e a k e n e d  by c o o r d i n a t i o n  w i t h  the zinc 
( f o r m a t i o n  of Z nCl ^ o b ser ve d) .
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To ex a m i n e  the re a c t i o n  of (107) to an acid of s t r e n g t h  
i n t e r m e d i a t e  b e t w e e n  ph en ol s  (pK^lO) and h y d r o c h l o r i c  acid 
(see a b o v e ) , (107) was r e f l u x e d  in gla ci a l e t h a n o i c  acid for 
6 days. This  r e s u l t e d  in q u a n t i t a t i v e  s o l v o l y s i s  and the 
s t r u c t u r a l  a s s i g n m e n t  of the produ ct  as (138) was e s t a b l i s h e d  
by its m i c r o a n a l y t i c a l  data c o n s i s t e n t  w i t h  the m o l e c u l a r  f o r ­
mula, and the m o l e c u l a r  ion peak at m/e 244 in the
m a s s  s p ect ru m.  The NMR s p e c t r u m  (Fig. 12) sh ow e d  a p r o m i ­
n ent  m e t h y l  s i n g le t at 6 2.1 and the p r o t o n s  at C - 6 , C-7 
a p p e a r e d  as a d o u b le  dou b l et  at 6 5.5. The l a r g e r  c o u p l i n g  
of 4 Hz w i t h i n  this group indicat es , as above, that s u b s t i t u ­
t io n  has ta ken  plac e wi t h retention.
F r o m  t r e a t m e n t  of (107) with ac ids of v a r y i n g  s t r e n g t h s ,  
it can be c o n c l u d e d  that r e p l a c e m e n t  o c c ur s  wi t h  the p h e n o l i c  
w e a k  acids, but, in some cases, the i n i t i a l  s u b s t i t u t i o n  m a y ­
be f o l l o w e d  by e l i m i n a t i o n ,  in s te a d  of a s e c o nd  s u b s t i t u t i o n ,  
as a re su lt  of s ter ic c ro wdi ng . W i t h  the s t r o n g e r  acids, 
c a r b o x y l i c  ac ids  as well as a q u eo u s  h y d r o c h l o r i c  acid, s o l v o l y ­
sis e x c l u s i v e l y  takes place.
F o l l o w i n g  from the o b s e r v a t i o n  of s u b s t i t u t i o n  r e a c t i o n s  
at C(6), C(7) in the t r e a t m e n t  of (107) both w i t h  1 , 2 - d i a m i n o -  
b e n z e n e  and w it h  e t ha n o i c  acid, a dual s u b s t i t u t i o n  was a t t e m p ­
ted w i t h  the am in o acid, glycine, to form the no v e l  h e t e r o ­
c y c l e  (139). R e a c t i o n  of (107) w i th  g l y c i n e  in r e f l u x i n g  
d i m e t h y l f o r m a m i d e  in pr es en c e  of zinc gave a s i n g l e  p r o d u c t  
c o n t a i n i n g  no n itr og en . The IR s p e c t r u m  did not p o s s e s s
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C= 0 s t r e t c h i n g  c o r r e s p o n d i n g  to the s t r u c t u r e  (139). The 
p r e s e n c e  of v i n y l i c  a b s o r p t i o n  (6 6.13, 2H) in the NMR 
s p e c t r u m  c o n f i r m e d  the f o r m a t i o n  of the al ke ne  
(114). R e a c t i o n  of (107) w it h  gl yc ine  was r e p e a t e d  in w a t e r  
in the p r e s e n c e  of tin (II) ch loride, r e p l a c i n g  zinc as c o o r ­
d i n a t i n g  metal, in an at t e m p t  to favour s u b s t i t u t i o n  over e l i ­
m i n a t i o n .  Ho we ver , this p r o c e d u r e  fa il ed to gi ve ei t h e r  (139) 
or (114) but f u r n i s h e d  in s t e a d  the diol (115). As before, 
w h e r e  w a t e r  is in excess, s o l v o l y t i c  s u b s t i t u t i o n  of Cl for OH 
o c c u r s  but, in the case wh e r e glyci ne is the m a i n  r e ac t a nt ,  
the g l y c i n e  b e h a v e s  as a h i gh l y e l e c t r o n - r i c h  l i g a n d  to w a r d s  
the zinc and br in g s  ab ou t e l i m i n a t i o n  (Sche me 14; L , L  =
h 2 n c h 2 c o o h ).
S u b s t i t u t i o n / e l i m i n a t i o n  r e a c t i o n s  w e r e a t t e m p t e d  by
t r e a t m e n t  of (107) wi th  p o t a s s i u m  iodide, m a g n e s i u m  i o d id e
and s o d i u m  s u lph ide . It was ho ped  that (107) m i gh t  u n d e r g o
the F i n k e l s t e i n ^  r e a c t i o n  in the p r e s e n c e  of i o d i d e  ion to
2 -
give the a l k en e (114) and w i t h  the s t ro n g n u c l e o p h i l e ,  S , 
to give the t h i i r a n e  (140). Ho wever, in all th e se  a t t e m p t s ,  
the s t a r t i n g  m a t e r i a l  was r e c o v e r e d  u n r e ac t e d.
E X P E R I M E N T A L  S E C T I O N
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G E N E R A L  E X P E R I M E N T A L
P r o t o n  NMR s p ec t r a we re r e co rd e d on a P e r k i n - E l m e r  R52 
s p e c t r o m e t e r  o p e r a t i n g  at 90 MHz and a v a r i a n  X L 1 0 0  s p e c t r o ­
m e t e r  o p e r a t i n g  at 100 MHz. S pe ct r a we r e r e c o r d e d  in d e u t e -  
r i o c h l o r o f o r m  w i t h  TMS as i nt e r n a l  stand ar d.  M a s s  s p e c t r a  
w e r e  r e c o r d e d  on an AEI MS9 s p e c t r o m e t e r  and ma ss  m e a s u r e ­
m e n t  on an AEI M S1 2  s p e c t ro me t er .  In fr a red s p e c t r a  w ere  
r e c o r d e d  on a P e r k i n - E l m e r  983 i n s t r u m e n t  on CCl^ so l u ti o n s.
M e l t i n g  poin ts were rec o r de d  On a R e i c h a r t  h o t - s t a g e  
a p p a r a t u s  and in sealed tubes on a G a l l e n k a m p  a p p a r a t u s .
S m a l l  sc al e v a c u u m  d i s t i l l a t i o n s  and s u b l i m a t i o n s  we re  c a r r i e d  
out on a G a l l e n k a m p  s u b l i m a t i o n  ap pa ra tus .
TLC plate s were spread with 0.1 or 0.5 mm t h i c k n e s s  of 
s i l i c a  gel HE 254 and ge n e r a l l y  run in h e x a n e :e t h e r , 1:1.
A n a l y t i c a l  spots were v i s u a l i s e d  by io di n e stai nin g.
S ul p hu r  d i c h l o r i d e  was p ur i fi e d  by d i s t i l l a t i o n  from  
P C l g  and the f r a c t i o n  b o il i n g at 58 - 60° used i m m e d i a t e l y .
C o m m e r c i a l  zinc dust was s tir red  in a b e a k er  w i t h  6% 
h y d r o c h l o r i c  acid for 1 min and the acid d ec a n te d .  The washing 
was r e p e a t e d  s e ve r a l times and the zinc was c o l l e c t e d  unde r  
su ct i o n,  w a s h e d  wi th  sev e ra l por t i on s of wa t er  to n e u t r a l i t y ,  
t w i c e  w i t h  95% e t h an o l  and three  times w i t h  a n h y d r o u s  ether. 
Th e zinc was spread  out finel y on a fi lte r paper and s to r e d  
in a d e s i c c & t o r (s i l i c a - g e l  dryin g agent) w h i c h  had been 
f l u s h e d  w i t h  n i t r o g e n  gas.
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R e a c t i o n  of 1 , 3 - C y c l o h e p t a d i e n e  (106) w it h  S u l p h u r  D i c h l o r i d e ^ ^
(106) (9.4 g, 100 mmol) and s ul phu r d i c h l o r i d e  (10.3 g,
100 mmol), each d i s s o l v e d  in d i c h l o r o m e t h a n e  (10 ml), w ere  
a d d e d  s i m u l t a n e o u s l y  over 5 min to d i c h l o r o m e t h a n e  (100 ml) 
w h i c h  was v i g o r o u s l y  st irr ed  at -70°. The s t i r r e d  m i x t u r e  
was m a i n t a i n e d  at -70° for 15 min and a l l o w e d  to come to 
r o o m  t e m p e r a t u r e .  The so lu ti o n was f i l t e r e d  and e v a p o r a t e d ,  
l e a v i n g  a y e l l o w - b r o w n  sticky solid, wh i c h  d a r k e n e d  on s t a n ­
ding. Two i s o l a t i o n / p u r i f i c a t i o n  p r o c e d u r e s  w er e  f o l l o w e d  
as d e t a i l e d  below.
1. 1.312 g of the crude  produ ct was s e p a r a t e d  by p r e p a r a ­
tiv e t.l.c. in e t h e r - h e x a n e  1:4. The upper band f u r n i s h e d  
pu re 6 , 7 - d i c h l o r o - 8 - t h i a b i c y c l o [ 3 . 2 . 1 ] o c ta n e  (107) (0.99 5 g, 
76%).
2. A s o l u t i o n  of 5 g of the crude p r od u c t in et he r was e v a ­
p o r a t e d  to d r y n e s s  under sucti on  in p r e s e n c e  of ca. 10 g 
t.l.c. s i l ic a  gel HF254. The dried m a t e r i a l  was p l a c ed  on 
top of a d r y - p a c k e d  co l um n  of si li ca gel (40 g total; 3 cm x 
13 cm) c o n t a i n e d  in a p o ro si t y 3 co l u m n  f itt ed wi th  a v a c u u m  
s i d e -a r m.  The co lu m n was eluted under s u c t i o n  w i t h  e t h e r -  
h e x a n e  m i x t u r e s  (60 ml each) of i n c r e a s i n g  p o lar it y:  1:4,
3:7, 2:3 and 1:1. E l e ve n  20 ml f r a c t i o n s  were c o l l e c t e d  and 
the c o l u m n  was then w a sh e d  with ether (40 ml) ( f r a c t i o n  12). 
C o m b i n e d  f r a c t i o n s  2-4 (1.38 g) and 5-11 (0.68 g) ( c o m b i n e d
y ie l d 41%) were s e p a r a t e l y  c r y s t a l l i s e d  from e t h e r - h e x a n e  to
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give c o l o u r l e s s  prism s of (107), m.p. 188-1 89  (lit. m.p.
105 - 107°) (Found: C, 42.67; H, 5.01. C 7H 1 2 C 1 2 S r e q u i r e s
C, 42.65; H, 5.11 %); m/e 200, 198, 196 (1:6:9, M) , 163,
34
161 ( M - C l ) ,  159, 129, 128, 127 ( 161 - H2S ) , 126 ( M - C 1 2 ), 125, 
99, 97 ( C 5H 5 S), 93 ( 1 2 8 - C 1 ) ,  92, 91, ( C yH 7 , base peak), 85, 
81, 79 and 77 (91 - CH2 ); ^ m a x (KBr) 2955, 2942, 2921, 2878, 
2842, 1461, 1434, 1349, 1250, 1042, 1000, 881, 766, 654 and
610 c m - 1 ; 6 ( C C 1 4 ) 4.85 (dd, J ^ 4 and 2.5 Hz, 2H; H - CC1),
3 .42  (m, 2 H ; H - CS) and 2.4 - 1.5. (m, 6H: C H 2 ).
R e a c t i o n  of 6 , 7 - D i c h l o r o - 8 - t h i a b i c y c l o [3.2.1.1 o c t a n e  (107)
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w i t h  E t h a n o l
1. W i t h  E t h a n o l  Alone. (107) (0.06 g, 0.3 mmol) was r e ­
f l u x e d  w i t h  s t i r r i n g  in e th ano l (20 ml) for 15 d af te r  w h i c h  
the s o l v e n t  was r e m o v e d  under suct ion  to give 6 , 7 - d i e t h o x y - 8 -  
t h i a b i c y c l o [3 . 2 .1 ] octa ne (117) (0.065 g, 100%) as an oil, b.p. 
115, 0.7 mm (Found: C, 60.93; H, 9.31.  ^ 1 1 ^ 2 0 ^ 2 ^  r e q u i r e s
C, 61.07; H, 9.32%); m/e 216 ( M ) , 183 (M - SH), 170 (M -
E tOH ),  137 (183 - EtOH), 111 (183 - EtOCC H) , 103, 100, 98, 91
(C-jH-.), 85 (111 - C 0H 0 , base peak), 83, 79, 75 and 70; v1 1  2 2 r max
2975, 2935, 2900, 2880, 2845, 1463, 1434, 1402, 1369, 1354,
1192, 1112, 1050, 967, 928 and 679 c m - 1 ; 6 4.18  (dd, J ^  5
and 2.5 Hz, 2H; H - CO), 3.65 (q, J ~ 7 Hz, 4H; H 2C - 0),
3.27 (m, 2H; H - CS), 2.4 - 1.1 (m, ca. 6H; C H 2 ) 1.28 (t,
J ^  7 Hz, ca. 3H; Me) and 1.25 (t, J ^  7 Hz, ca. 3H; Me).
2. W i t h  Zinc P r e s e n t . A mi x t u r e  of (107) ( 0. 098  g, 0.05 
m m o l ),  zinc dust (0.098 g, 1.5 mmol) and et h a n o l  (10 ml) was 
r e f l u x e d  w i t h  v i g o r o u s  s t ir r i n g  for 8 d. The m i x t u r e  was 
f i l t e r e d  t h r o u g h  ce li te  535 and the f i lt r a t e  e v a p o r a t e d  and 
d i s t i l l e d  to give (117) (0.087 g, 87%), wh i c h  sh ow e d  i d e n t i c a l  
p h y s i c a l  c h a r a c t e r i s t i c s  to those of the p r e v i o u s  sample.
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A t t e m p t e d  D e c h l o r i n a t i o n s  of 6 , 7 — D i c h l o r o  — 8 — t h i a b i c y c l o [3 . 2 . 1 ] 
(107)
1. W i t h  Zinc in T e t r a h y d r o f u r a n . A s o l u t i o n  of (107)
( 0 . 0 98  g, 0.5 mmol) in t e t r a h y d r o f u r a n  (30 ml) w as  r e f l u x e d  
(b ath  t e m p e r a t u r e  100°) wi t h vi g o r o u s  s t i r r i n g  in p r e s e n c e  of 
zinc dust (0.39 g, 6 mmol) for 7 d. The r e a c t i o n  m i x t u r e  was 
f i l t e r e d  t h r o u g h  c e l it e 535 and the f i l t r a t e  e v a p o r a t e d  l e a v ­
ing a y e l l o w  solid, the NMR s p e c t r u m  of w h i c h  i n d i c a t e d  only 
the p r e s e n c e  of u n r e a c t e d  s t ar ti n g ma te ri a l.
A 2
2. W i t h  Z i n c - C o p p e r  C oup le Zinc dust (4.92 g) was s t i r r e d  
m a g n e t i c a l l y  for s eve ral  m i n u t e s  w it h 3% h y d r o c h l o r i c  acid.
(In a r e p e at  atte mp t, 6% h y d r o c h l o r i c  acid was used).  The 
ac id was d e c a n t e d  and the zinc w as hed  th re e t im e s  w i t h  p o r ­
t i o n s  of 3% (or 6%) h y d r o c h l o r i c  acid, five times w i t h  water, 
t w i c e  w i t h  2% co p p e r  s u lp h a t e  solution, five ti me s  w i t h  water ,  
fou r ti mes  wi t h  a b s o l u t e  e t h an o l  and five times w i t h  a n h y d r o u s  
d i e t h y l  ether. The Z n-C u c ou ple  was q u i c k l y  d ri e d  un de r  s u c ­
t i o n  in a B u c h n e r  funne l and stored in a d e s i c c a t o r  over p h o s ­
p h o r u s  p en t o xi d e . A m i x t u r e  of z i n c - c o p p e r  c o u p l e  (0.13 g), 
(107) (0.197 g, 1 mmol), d i m e t h y l f o r m a m i d e  (1 ml) and a n h y d ­
ro us e th er (10 ml) was re f l u x e d  wi th s t i r r i n g  o v e r n i g h t .  The 
r e a c t i o n  m i x t u r e  was f il t er e d  t h r o u g h  c e l i t e  535, w a s h e d  w it h  
wa te r ,  dr ie d and e v a p o r a t e d  to give u n r e a c t e d  s t a r t i n g  
m a t e r i a l .
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R e a c t i o n  of 6 , 7 - D i c h l o r o - 8 - t h i a b i c y c l o [ 3 . 2 . 1 ] o c t a ne  (107) w it h  
M e t h a n o l
1. W i t h  M e t h a n o l  A l o n e . (107) (0.065 g, 0 .3 6 mm ol)  was re- 
f l u x e d  w i t h  s t i r r i n g  in m e t h a n o l  (20 ml) for 14 d a f te r  w h i c h  
th e m e t h a n o l  was re m ov e d  under r ed uce d p r e s s u r e  to give 6,7- 
d i m e t h o x y - 8 - t h i a b i c y c l o [ 3 . 2 . 1 ] octa ne (119) (0.059 g, 95%) as
a y e l l o w  oil. Th is d is t i l l e d  at 115°, 0.7 mm as a c o l o u r l e s s
oil (Found: 0,5 7.21; H, 8.70. C g H ^ 0 2 S  r e q u i r e s  C, 57.42;
H, 8.57 %);  m/e 188 ( M ) , 156 (M - M e O H ) , 155 (M - SH), 124
(156 - Me OH ),  123 (155 - MeOH), 100 (156 - M e O C C H )  , 97
(C. H.S), 91 (C-.H-,) , 85, 75 and 71; v 2935, 2722, 1464,
5 5  7 7  max
1435, 1199, 1130, 1100, 1051, 1030, 1004, 957 and 683 c m - 1 ;
6 4. 12  (dd, J ~ 4 and 2.5 Hz; H - CO) 3.49 (s, 6H; Me), 3. 34  
(m, 2 H ; H - CS) and 2.2 - 1.2 (m, 6 H; C H 2 ).
2. W i t h  Zinc Dust P r e s e n t . A m i x t u r e  of (107) (0.98 g,
0 .5 mmol ),  zinc dust (0.098 g, 1.5 mmol) and m e t h a n o l  (10 ml) 
w as  r e f l u x e d  for 6d w i th  vi go r o us  st irring. T he  m i x t u r e  wa s  
f i l t e r e d  t h r o u g h  ce li te 535 and the f i l t r a t e  e v a p o r a t e d  and 
d i s t i l l e d  to give (119) (0.087 g, 87%), i d e n t i c a l  to the p r o ­
duct  o b t a i n e d  in the a b se nc e  of zinc.
A t t e m p t e d  R e a c t i o n  of 6 , 7 - D i c h l o r o - 8 - t h i a b i c y c l o [3.2.11 o c t a n e  
(107) w i t h  So di um M e t h o x i d e
S o d i u m  me t al  (0.07 g, 3.26 mmol) was d i s s o l v e d  w i t h  
s t i r r i n g  in 15 ml dry m e t h a n o l  and solid (107) (0 .09 8 g,
0.5 mm o l ) was added. The so lu ti o n  was r e f l u x e d  wi t h  v i g o ­
r ou s  s t i r r i n g  for 4 h. On cooling, the m i x t u r e  was po ur e d
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into w at er and e x t r ac t e d with d i c h l o r o m e t h a n e , the o r g a n i c  
l ay e r being dried and e v apo ra te d. NM R i n d i c a t e d  only the 
p r e s e n c e  of u n r e a c t e d  (107).
A t t e m p t e d  R e a c t i o n  of 6 , 7 - D i c h l o r o - 8 - t h i a b i c y c l o [ 3 . 2 . 1 joctane 
(107) w it h L i t h i u m  A l u m i n i u m  Hy dri de
L i t h i u m  a l u m i n i u m  hy d ri d e  (0.38 g, 10 mmol) in a n h y d r o u s  
t e t r a h y d r o f u r a n  (ca. 10 ml) was added  to a s o l u t i o n  of (107) 
(0 .09 8 g, 0.5 mmol) in the same sol v e nt  (10 ml) and the m i x ­
t ure  r e f l u x e d  for 24 h w ith  stirring. On c o o l i n g ,  a few 
d r o p s  of s a t u r a t e d  so d iu m su lp ha t e  was added, the s o l u t i o n  
f i l t e r e d  and the f i lt ra t e e v ap o r a t e d  to give u n r e a c t e d  s t a r ­
t ing  m a t e r ia l .
R e a c t i o n  of 6 , 7 - D i c h l o r o - 8 - t h i a b i c y c l o T3.2.11 o c t a n e  (107) w it h
1 , 2 - D i h y d r o x y e t h a n e  and Zinc
A m i x t u r e  of (107) (0.098 g, 0.5 mmol) zinc dust (0.98 g,
1.5 mmol) and 1 , 2 - d i h y d r o x y e t h a n e  (20 ml) was r e f l u x e d  wi th  
v i g o r o u s  s t i r r i n g  for 4 h. The m i x t u r e  was p e r c o l a t e d  
t h r o u g h  c o t t o n  wo ol  into w at er and e x t r a c t e d  w i t h  ether. The 
ether ex t r a c t  was w a s h ed  sever al times w i t h  water, d ri ed and 
e v a p o r a t e d  to give 6 , 7 - e t h y l e n e d i o x y - 8 - t h i a b i c y c l o [ 3 . 2 . 1 ] o c ­
tan e (120) as a solid (0.073 g, 79%). S u b l i m a t i o n  of this 
r e s i d u e  at 50°, 0.13 mm gave needles, m.p. 40 - 42° (Found:
C, 57*92; H, 7.72, C g H ^ O ^  r e q u i r e s  C, 58.05; H, 7.58%); 
m /e  186 ( M ) , 158 (M - C 2H 4 ), 153 (M - HS), 141 (M - C ^ O ) ,
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12^ 111, 100, 97 (0,-Hc-S), 83, 69 and 57 (base peak); v 2975,
r max
2930, 2865, 1460, 1434, 1237, 1112, 1032, 896 and 672 c m - 1 ;
6 4 . 0 0  (m, 4 H ; C H 2 - 0), 3,85 - 3.25 (m., 4 H; H - CO and 
H - CS), 2.5 - 1.35 (m, 6H; C H 2 ).
Rea cti on of 6, 7 - D i chlo ro-8 -thia bicyclo [ 3.2.11 octane (107) with
1 . 2 - E t h a n e d i t h i o l
1. In D i o x a n . A s ol u t io n  of (107) (0.12 g, 0.6 mmol ) and
1 . 2 - e t h a n e d i t h i o l  (0.0954 g, 1 mmol) in d i ox a n  (10 ml) was  r e ­
f l u x e d  (bath temp. 120°) wi t h  s t i rr i n g for 23 h. The r e a c t i o n  
m i x t u r e  was p our ed into ether and w a s h e d  s e v e r al  ti me s w i t h  s o ­
d i u m  h y d r o x i d e  (1 M) then w i t h wa te r to n e u t r a l i t y .  The o r ­
g a n i c  la ye r was dried and e v ap o r a t e d  to give u n r e a c t e d  s t a r ­
t in g  m a t e r i a l .
2. In the P r e s e n c e  of Z i n c . A m i x t u r e  of (107) ( 0. 098  g,
0.5 mmol),  zinc dust (0.39 g, 6 mmol) and 1 , 2 - e t h a n e d i t h i o l  
(3 ml) was r e f l u x e d  (bath temp. 165°) w i t h  v i g o r o u s  s t i r r i n g  
for 23 h. The r e a c t i o n  m i x t u r e  was f il t er e d  and the f i l t r a t e  
p o u r e d  into ether and wa sh e d many times wi th  s o d i u m  h y d r o x i d e  
(2 M) th en  w ith  w ate r to n e utr al it y. The ether l ay er was 
d r i e d  and e v a p o r a t e d  to give a ye l l ow  solid w h i c h  was sh ow n
by t.l.c. in e t h e r - h e x a n e  (1:9) to be a m i x t u r e  of two c o m ­
po un d s . The m i x t u r e  was s e p a ra t e d by p r e p a r a t i v e  t.l.c. in 
e t h e r - h e x a n e  (1:9). The band of R f 0.71 c o n t a i n e d  1 , 2 - e t h a -  
n e d i t h i o l . The band of R f 0.56, e x t r a c t e d  w i t h  b o i l i n g  di- 
c h l o r o m e t h a n e , gave the ditha ne  d e r i v a t i v e  (121) (0.09 g,
83%). An a n a l y t i c a l  sample of (121) was p r e p a r e d  by s h o r t -
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pa th  s u b l i m a t i o n  at 50°, 0.1 mm giving  pale y e l l o w  n e ed l e s ,
m.p. 55 - 56°, (Found: C, 49.75; H, 6.71. C 9 H i4 S 3 r e “
q u i r e s  C, 49.54; H, 6.4%); m/e 218 (M, . b as e  peak), 190 (M -
C 2H 4 ), 185 (M - SH), 158 (190 - S), 157, 126 (158 - S), 125,
100 (126 - C 9H 9 ), 97 (C H,S) and 91 (C7H 7 ); v 2915, 2825,
z ^ b d 1 1 '  max
1452, 1429, 1335, 1225, 1210, 1182, 1151, 1040, 916, 880,
659 and 623 c m - 1 ; 6 3.78 (m, 2 H; H - C 6 ? - S ), 3.65 (m ,2 H;
H - C 1 5 - S), 3.1 - 2.5 (m, 2H; S C H 2C H 2 S) and 2.2 - 1.4
(m, 6 H; CH 2) .
R e a c t i o n  of 6 , 7 - D i c h l o r o - 8 - t h i a b i c y c l o [3.2.11 o c t a n e  (107) 
w i t h  P o t a s s i u m  C y an i de
1. In the A b s e n c e  of Z i n c . A m i x tu re  of (107) (0.98 g, 0.5 
mm ol ) ,  p o t a s s i u m  c y an i de  (0.65 g, 10 mmol)-, and d i o x a n  (30 ml) 
w a s  r e f l u x e d  (bath t e m p e r a t u r e  120°) wi t h  v i g o r o u s  s t i r r i n g  
for 24 h. On cooling, the re a ct i o n  m i x t u r e  was po ur e d  into 
w a t e r  and e x t r a c t e d  w i t h. e t h e r ,  the e x t r ac t  be i n g  w a s h e d
w i t h  w at er , dried and e v a p o r a t e d  l e a v i n g  a y e l l o w  solid, t h e N M R  
spectrum of which indicated only the p re s e nc e  of u n r e a c t e d  s t a r ­
t i n g  m a t e r i a l .
2. In the P r e s e n c e  of Z i n c . A m i x t u r e  of (107) (0.08 g,
0. 4 mmol ),  zinc dust (0.8 g, 1.2 mmol) p o t a s s i u m  c y a n i d e  
(0.65 g, 10 mmol) and di ox an (30 ml) was r e f l u x e d  w i t h  v i g o ­
r o u s  s t i r r i n g  at 120° (bath te m p e r a t u r e )  for 24 h. On 
c o o l i n g ,  the r e a c t i o n  m i x t u r e  was f i l t er e d  and the f i l t r a t e  
p o u r e d  into ether and wa s h e d  with water. The et he r  l aye r  
w a s  dr i e d  and e v a p o r a t e d  (some of this v o l a t i l e  p r o d u c t  was
AO
lost d u r i n g  ro ta ry  e v a p o r at io n ) to give a waxy soli d (0.056 
g), w h i c h  was sh own by t.l.c. in e t h e r - p e t r o l e u m  s p i r it  1:1 
to be m a i n l y  the al ke ne  (114). P u r i f i c a t i o n  was e f f e c t e d  
by p r e p a r a t i v e  t.l.c. in the same solvent. The band of
0 .2 2  gave s o l v e n t - d e r i v e d  aro m at i c  im p u r i t y  (0.0A g) and 
t hat  of Rg 0.68 e x t r a c t e d  w it h bo il ing  d i c h l o r o m e t h a n e ,  f u r ­
n i s h e d  8 - t h i a b i c y c l o [3.2 .1 ] o ct - 6 -e n e  (114) (0.04 g, 64%).
An a n a l y t i c a l  sa mp le of (114) as needles, m.p. 105 - 106° 
w as p r e p a r e d  by s h o r t - p a t h  s u b l i m a t i o n  at 30° at w a t e r - p u m p  
p r e s s u r e  (Found: C, 66.59; H, 7.93. C ^ H ^ q S r e q u i r e s  C,
66.62 ; H, 7.99%); m/e 126 (M) , 125, 99 (125 - C ^ ) ,  97 
( C 5 H 5 S), 95 93 (M - SH), 91 (C? H 7 ), 85 and 57 (base peak);
v 3055, 2950, 2905, 2842, 1604, 1449, 1432, 1333, 1052, 
m ax
896, 719, 701 and 596 cm 6 6.13 (dd, J ^ 3 and 2 Hz, 2 H;
v i n y l ) ,  3.63 (m, 2 H ; H - CS) and 2.3 - 1.5 (m, 6 H; C H 2 )
R e a c t i o n  of 6 , 7 - D i c h l o r o - 8 - t h i a b i c y c l o [3.2.1.1 o c ta n e (107) 
w i t h  W a t e r
1. In A c e t o n e  wi t h Zinc P r e s e n t . A m i x t u r e  of (107), zinc 
d us t  (0.16 5 g, 0.5 mmol), water (8 ml) and a c e t o n e  (20 ml) 
w as  s t i r r e d  under refl ux for 40 h. The c oo led  m i x t u r e  was 
f i l t e r e d  th r o u g h  celi te 535 and the f il t r a t e  e v a p o r a t e d .
Th e so l i d r es i d ue  was u n r e a c t e d  s ta r ti ng  m at er i al .
2. In T e t r a h y d r o f u r a n  with Zinc P r e s e n t . A m i x t u r e  of 
(107) (0 .0 98 g, 0.05 mmol), zinc dust (0.39 g, 6 mmol), t e t r a -  
h y d r o f u r a n  (2 ml) and wate r (20 ml) refluxed with v i g o r o u s  
s t i r r i n g  for 3 d. On cooling, the m i xt u re  was f i l t e r e d  and 
the f i l t r a t e  e x t ra c te d with ether, the ether layer being dried and
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e v a p o r a t e d  l ea v i n g  a c o l o u r l e s s  se m i s o l i d  (0.06 6 g). This
wa s p u r i f i e d  by t.l.c. in e t h e r - p e t r o l e u m  s pi rit  1:1. The
b an d  of 0.29, e x t r ac t e d with bo i li ng  d i c h l o r o m e t h a n e ,  gave 
6 , 7 - d i h y d r o x y - 8 - t h i a b i c y c l o [ 3 . 2 . 1 ] o c t a n e  (115) (0.06 g, 75%). 
O t h e r  band s c o n t a i n e d  only small a mo u n t s  of ma t e r i a l .  An 
a n a l y t i c a l  sa mp l e of (115) was pre pa r ed  as ne ed le s, m.p. ca.
202 - 206° (s e a l e d - t u b e ) by s h o r t - p a t h  s u b l i m a t i o n  at 40°,
0.07 mm  (Found: C, 52.55; H, 7.60. r e q u i r e s  C,
52.49; H, 7.55%); m/e 160 ( M ) , 142 (M - H 20 ) , 131, 114,
(142 - CO), 113, 109 (142 - SH, 127 - H 20), 101 100 (113 -
CH, b ase  peak), 97, 85, 83, 81, 79, 77, 67, and 65; v
max
3620, 3420, 2935, 1456, 1428, 1372, 1076, 1060, 1034, 959,
89 0 and 670 cm 6 4.45 (dd, J ^ 4 and 2.5 Hz, 2 H; H - CO),
3 .2 6  (m, 2H; H - CS), 3.0 (bs, 2 H, d e u t e r i u m  e x c h a n g e a b l e ;
OH) and 2.2 - 1.5 (m, 6 H; C H 2 ) .
3. In the A b s e n c e  of Z i n c . A m i x t u r e  of (107) (0.09 8 g,
0.5 mmol),  t e t r a h y d r o f u r a n  (2 ml) and w a t e r  (30 ml) was r e ­
f l u x e d  w i t h  v i g o r o u s  sti r ri n g  at 100° (bath t e m p e r a t u r e )  for
3 d. The r e a c t i o n  mi x t u r e  was e x t r a c t e d  w i th  d i c h l o r o m e t h a n e  
and the o r g an i c  layer dried and e v a p o r a t e d  to give (115) (0.06 
g, 75%) as a c o l o u r l e s s  solid.
4. In the P r e s e n c e  of H y d r o c h l o r i c  A c i d . A m i x t u r e  of
(107) (0.09 8 g, 0.5 mmol), t e t r a h y d r o f u r a n  (2 ml), w a t e r  (5 ml) 
and 3 d rop s of h y d r o c h l o r i c  acid (3 M) was r e f l u x e d  w i t h  s t i r ­
r i n g  at 100° (bath t e m p e r a t u r e )  for 4 d. On c oo l i ng ,  the r e ­
a c t i o n  m i x t u r e  was e x t r a c t e d  with d i c h l o r o m e t h a n e .  The o r g a ­
nic la y e r  was dried and e v ap o r a t e d  to give (115) (0.065  g,
82%) as a c o l o u r l e s s  solid.
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R e a c t i o n  of 6 , 7 - D i c h l o r o - 8 - t h i a b i c y c l o \3 . 2 . 1 ] o c ta n e  (107) 
w i t h  F o r m a l d e h y d e  and Zinc
A m i x t u r e  of (107) (0.098 g, 0.5 mmol), t e t r a h y d r o f u r a n  
(2 ml), zinc dust (0.098 g, 1.5 mmol) and f o r m a l i n  (37 - 39% 
w/ v) (20 ml) was r ef l u xe d  with vig or o us  s t i r r i n g  for 3 d, the 
r e a c t i o n  m i x t u r e  f i l te re d  and the f il t r at e  e x t r a c t e d  wi t h  
et he r  and dried. Re m o v a l  of solv en t gave a c o l o u r l e s s  oil 
w h i c h  was shown by t.l.c. to be a m i xt u re  m a i n l y  of s t a r t i n g  
m a t e r i a l  and the diol (115) but also c o n t a i n i n g  th r ee  ot he r 
m i n o r  pro d uc t s .  The mi x t u r e  was se p a r a t e d  by p r e p a r a t i v e  
t.l.c. in e t h e r - p e t r o l e u m  spirit 4:1. The band of R^ 0.64 
gave, by NMR  c o m p a r is o n , u n r e a c t e d  s t ar t i ng  m a t e r i a l  (0.03 g) 
and that of R^ 0.32, e x t r ac t ed  with b oi l i n g  d i c h l o r o m e t h a n e , 
ga ve (115) (0.032 g, 58% based on (107) c o n su m ed ) .  The 
o t h e r  ba n ds  c o n t a i n e d  m a t e r i a l s  (0.045 g in total) w h i c h  w ere  
not b i c y c l i c  and were  not furthe r i nv es t i g a t e d .
R e a c t i o n  of 6 , 7 - D i c h l o r o - 8 - t h i a b i c y c l o [3.2.1.1 o c t a n e  (107) 
w i t h  S o d i u m  H y d r o x i d e
3 7 A3
1. In D i m e t h o x y e t h a n e  ’ (107) (1.97 g, 10 mmol) was d i s ­
s o l v e d  in a m i x t u r e  of d i m e t h o x y e t h a n e  (15 ml) and 10% a q u e o u s  
s o d i u m  h y d r o x i d e  (15 ml) and the s o l u t i o n  r e f l u x e d  for 20 h 
u n d e r  ni tr og e n.  The r e ac t i on  m ix t ur e was filt ere d, the 
f i l t r a t e  p ou red  into d i c h l o r o m e t h a n e  and w a s h e d  m any  time s  
w i t h  w a t e r  to n e ut r a li ty .  The or ga ni c layer was dried and 
e v a p o r a t e d  to give a m i x tu r e  (ca. 1:1) of (107) and 8 — t h i a —
b i c y c l o [3 . 2.1 ] o c t - 6 - e n e - 8 - o x i d e  (126).
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2. In D i me th ox yet han e with Zinc P r e s e n t . A m i x t u r e  of (107) 
(0 .0 9 8  g, 0.5 mmol), zinc dust (1.3 g, 20 mmol),  10% a q u e o u s  
s o d i u m  h y d r o x i d e  (15 ml) and d i m e t h o x y e t h a n e  (15 ml) was r e ­
f l u x e d  (bath temp. 115°) with vi g o r o u s  s t i r r i n g  u n de r  n i t r o ­
gen for 20 h. The reac tio n mi x t u r e  was fil t e re d,  the f i l ­
t ra t e  poured into d i c h l o r o m e t h a n e  and w a s h e d  many time s w it h  
w a t e r  to ne u t ra l i ty .  The o r gan ic layer was d r ie d and e v a p o ­
r ate d to give a mi x t u r e  (0.075 g) of (107) and (114).
This m i x t u r e  was- again trea te d w i th  zinc dust (0.65 g,
10 mmol), 10% aq u e o u s  s odi um h y d r o x i d e  (5 ml) and d i c h l o r o ­
m e t h a n e  (2 ml) and ref lu x ed  (bath temp. 100°) w i t h  s t i r r i n g  
for a f u rt h e r 24 h. W o r k  up as above gave a m i x t u r e  (ca.
1:1) of the s u l p h o x i d e  (126) and the s u l p h i d e  (114).
3* In D i o x a n . A m i x t u r e  of (107) (0.081 g, 0;41 mmol), dio-
xan (2 ml) and 10% aq u e o u s  so di um h y d r o x i d e  (7 ml) was r e f l u ­
xed (bath temp. 120°) wi th s ti r r i n g  for 24 h. The r e a c t i o n  
m i x t u r e  was poured into d i c h l o r o m e t h a n e  and w a s h e d  ma ny  times 
w i t h  water. The or ga n i c layer was dr ied and e v a p o r a t e d  to 
g ive  (126) (0.042 g, 72%) as a solid, m.p. 180 - 181° ( l it ? ^
190 - 92°); m/e 142 (M), 126 (M - 16), 94 (M - SO), 91, 79 
(base peak) and 66; v ma3/ KBr) 3058, 2980, 2935, 2915, 1453, 
1433, 1340, 1204, 1072, 1051, 1041, 818, 750 and 670 c m - 1 .
6 6.11 (br. d, 2 H; vinyl), 3.25 (m, 2 H; H - C S ) , 2.4 -
2.0 (m, 2 H; C H 2 ) and 1.7 - 1.2 (m, 4 H; C H 2 ).
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4. In T e t r a h y d r o f u r a n .
(a) A mi x t u r e  of (107) (0.098 g, 0.5 mmol), t e t r a h y d r o f u r a n  
(15 ml) and 10% so d iu m h y d r o x i d e  (15 ml) wa s r e f l u x e d  under  
n i t r o g e n  wi t h  v i go r o u s  s ti rr i ng  for 24 h. The r e a c t i o n  m i x ­
ture was fil te r ed  and the fi ltrate e x t r a c t e d  w i t h  d i c h l o r o ­
m e t h a n e .  The o r g a ni c  layer was dried and e v a p o r a t e d  l e a v i n g  
a y e l l o w  solid wh i c h  was mainl y st ar t i n g  ma t e r i a l ,  as shown 
by N M R .
(b) A m i x t u r e  of (107) (0.098 g, 0.5 mmol ) t e t r a h y d r o f u r a n  
(2 ml) and 10% so d i u m  h y d r o x i d e  (7 ml) was r e f l u x e d  w i th  v i g o ­
ro us s t i r r i n g  for 24 h. The re a c t i o n  m i x t u r e  was fi lt er e d  
and the f il t r a t e  e x t r a c t e d  with d i c h l o r o m e t h a n e .  The o r g a ­
nic layer was dried  and e va p o r a t e d  l e a v i n g  a y e l l o w  solid, 
w h i c h  was ma i n ly  s ta r t i n g  ma t er i a l  but a mi n o r  a m o u n t  of an 
a l k e n e  was present.
A t t e m p t e d  R e a c t i o n  of 6 ,7 - D i c h l o r o - 8 - t h i a b i c y c l o [ 3 . 2 . 1 ] oc ta n e  
(107) w i t h  T r i e t h y l a m i n e
A m i x t u r e  of (107) (0.098 g, 0.5 mmol), zinc dust 
( 0 . 0 98  g, 1.5 mmol) and t r i e t h y l a m i n e  (10 ml) was r e f l u x e d  
for 4 d. On cooling, the m i xt ur e  wa s f i l t e r e d  t h r o u g h  
c o t t o n  w oo l into ether and the ether s o l u t i o n  was w a s h e d  
m an y  time s wi th  water, brine and dried. E v a p o r a t i o n  gave 
a y e l l o w  solid the NMR of w hi c h  i n d i c a t e d  only the pr e s e n c e  
of u n r e a c t e d  s t a r t i n g  mater ia l.
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R e a c t i o n  of 6,7 D ic h l or o — 8 - t h i a b i c y c l o f 3 . 2 . 1 joctane (107) w i t h
1 ,2 - D i a m i n o e t h a n e
1- W i t h  Zinc P r e s e n t . A m i xt u re  of (107) (0.098 g, 0.5 
mm ol ) , zinc dust (0.39 g, 6 mmol) and 1 , 2 - d i a m i n o e t h a n e  (30 
ml) wa s r e fl u x e d  wi th  v ig o r ou s st ir ri ng at 1 2 0 ° (bath t e m p e r a ­
ture) for 18 h. On cooling, the r ea ct i o n  s o l u t i o n  was f i l ­
tered, the fi l t r a t e  poured into ether and w a s h e d  w i t h  w a t e r  to 
n e u t r a l i t y .  The ether layer was dried and e v a p o r a t e d  to give 
8 - t h i a b i c y c l o [ 3 . 2 . 1 ] oct - 6 -ene (114) as a waxy so li d (0.053 g, 
84%), i d e n t i c a l  to the sample prepared by r e a c t i o n  of (107) 
w i t h  p o t a s s i u m  cyanide.
2. In the A bs e n c e  of Z i n c . A so l ut i o n of (107) (0.0 98 g,
0.5 mm ol ) in 1 , 2 - d i a m i n o e t h a n e  (30 ml) was r e f l u x e d  w i t h  s t i r ­
r i n g  at 120° (bath t e m p e r at ur e ) for 18 h. On c oo lin g, the 
s o l u t i o n  was poure d into ether and wa s h e d  wi t h  wa t e r  to n e u ­
t r a l i t y ,  dried and ev a p o r a t e d  to give a ye l lo w solid. The 
N M R  s h o w e d  this to be mainly start in g m a t e r i a l  w i t h  a mi n o r  
a m o u n t  of a l ken e (114) (6 6.15) present.
R e a c t i o n  of 6 ,7 - d i c h l o r o - 8 - t h i a b i c y c l o [ 3 . 2 . 1 . Joctane (107) 
w i t h  1 , 2 - D i a m i n o b e n z e n e  and Zinc
(107) (0.098 g, 0.5 mmol) was h eat ed  at 120° (bath t e m p e ­
r a t u r e )  in 1 , 2- d i a m i n o b e n z e n e  liquid (5 g) and zinc dust (0.0 98  
g, 1.5 mmol) was added. The mi xt ur e was hea t e d at 120° w it h  
v i g o r o u s  st i r r i n g  for 8 h and cooled. The r e s u l t i n g  solid  
w a s  b r o k e n  up and e x t ra c t ed  several times with hot wa t e r  by 
a g i t a t i n g  over a steam bath. W hen  the wa te r ex t r a c t  had bee n
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d e c a n t e d ,  the r e m a i n i n g  solid was w a s h e d  out w i t h  et h e r and the 
s o l u t i o n  dried and ev a po r a t e d  to give a red so lid w h i c h  was 
sh o w s  by t.l.c. in ether to be a m i xt u r e of 1 ,2- d i a m i n o b e n z e n e  
and one product. The m i x t u r e  was s e p a r a te d  by p r e p a r a t i v e  
t.l.c. in ether. The band of 0.26, e x t r a c t e d  w i t h  b o i l i n g  
d i c h l o r o m e t h a n e ,  gave 1 ,2- d i a m i n o b e n z e n e  (0.009 g) and that of 
R £ 0*9 gave (132) (0.08 g, 69%), An a n a l y t i c a l  s a m p le  of
(132) wa s p r e p a r e d  by s h o r t - p a t h  d i s t i l l a t i o n  at 30°, 0.06 mm
as a y e l l o w  solid, m.p. 144 - 145° (Found: C, 67.34; H, 6.74.
^ 1 3 H 16 N 2^ r e q u i r e s  C, 67.22; H, 6.94%); m/e 232 (M, base
peak), 199 (M - S H ) , 171, 164, 132 (M - C^HgS), 104 (C 6 H 4 N 2 ),
91, 85, and 77; v 3365, 2920, 2860, 2845, 1601, 1502, 1450,
max ’ ’
1286, 1265 and 1043 cm ^ ; 6 6.66 (s, 4 H; Ar), 4.2 - 3.6 (ca. 
2 H, d e u t e r i u m  ex c ha n g ea bl e ; NH), 4.09 (dd, J ^  3 and 2 Hz,
2 H; H - CN), 3.30 (m, 2 H; H - CS) and 2.4 - 1.5 (m, 6 H: 
CHj).
R e a c t i o n  of 6 , 7 - D i c h l o r o - 8 - t h i a b i c yclo [ 3.2. 11 oc t a n e  (107) w i t h  
C a t e c h o l  and Zinc
(107) (0.098 g, 0.5 mmol) was d i s s o l v e d  at 120° (bath 
t e m p e r a t u r e )  in c a t ec h o l liquid (5 g) and zinc dust (0.09 8 g,
1.5 m mo l) was added. The mi xtu re  was he ate d at 120° wi t h  
v i g o r o u s  s t ir r i n g  for 2 h. On cooling, the r e a c t i o n  m i x t u r e  
w as  s w i r l e d  with water and t r an s f e r r e d  to a s e p a r a t o r y  f u n n e l  
c o n t a i n i n g  ether. The ether ex tract was s e p a ra t e d,  drie d 
and e v a p o r a t e d  w ith  gentle hea ti n g to give a solid  p r od u ct
(133) (0. 09 4 4 g, 0.4 mmol, 81%), w hic h was s u b s t a n t i a l l y  pure,
47
as s h o w n  by NMR. An an a ly t i ca l  sampl e of the p r o d u c t  was p r e ­
p ar e d  by s h o r t - p a t h  su b l i m a t i o n  at 80°, 0.3 mm as c o l o u r l e s s  
ne ed l e s ,  m.p. 99 - 100° (Found: C, 66.72; H, 6.17.
C 1 3 H 1 4 ° 2 S r e n ui re s  c > 6 6 .6 6 ; H, 6.02%); m/e 234 ( M ) , 201
(M - SH), 134 (M - C 5H g S), 110 ( C g H g O ^  109, 100 (C^HgS, base
peak), 97, 92 (110 - H 20), 91, 85, 79, 77, 67 (93 - C ^ ) ,  66
and 65; v 2920, 1592, 1487, 1251, 1084, 1043 and 970 c m - 1 ; max
6 6. 9 5 (m, 4 H; Ar), 4.71 (dd, J ^ 4 and 2.5 Hz; H - CO)
3. 52 (m, 2 H; H - CS), 2.5 - 1.5 (m, 6 H; C H 2 ).
R e a c t i o n  of 6 ,7 - D i c h l o r o - 8 - t h i a b i c y c l o [ 3 . 2 . 1 1 o c t a n e  (107) w i t h  
P h e n o l  and Zinc
(107) (0.098 g, 0.5 mmol) and zinc dust ( 0. 098  g, 1.5 
mm ol )  we re  added to phenol liquid (15 ml) at ca. 60° and the
m i x t u r e  r e f l u x e d  (bath te m p e r a t u r e  1 2 0 °) w it h  v i g o r o u s  s t i r r i n g
for 4 h. On cooling, the mix t ur e  was r e n d e r e d  a l k a l i n e  w i t h  
s o d i u m  h y d r o x i d e  so lu ti o n and e x t r ac t e d w it h ether. The et he r  
l ay e r  was w a sh e d  wi th water to ne u t ra l i ty ,  d rie d and e v a p o r a ­
ted to give (134) as a solid (0.082 g, 82%). S u b l i m a t i o n  of 
th is  r e s i d u e  at 50°, 15 mm gave needles, m.p. 64 - 65° (Found; 
C, 71.79; H, 6.51 C ^ H ^ O S  re qu ir e s C, 71.54; H, 6.4%); 
m /e 218 (M) , 185 (M - SH) , 157 (185 - C ^ )  144, 131, 119,
118, 115, 107, 100 (Ct-HgS, base peak), 91 (CyHy), 85, 77 and
67; v 3070, 3045, 3025, 2925, 2840. 1607, 1591, 1469, 
max
1452, 1225, 1015, 987, 971, 831, 678 and 665 c m - 1 ; 6 7.3 -
6.6 (m, 5 H; Ar), 5.60 (dd, J ^ 12 and 7 Hz; viny l),  4 .4 0  
(dd, J ^  12 and 7 Hz; H - C(l)), 3.62 (m, 1 H; H - C (5)) 
and 2.4 - 1.1 (m, 6 H; C H 2 )•
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R e a c t i o n  of 6,7 D i c h l o r o - 8 - t h i a b i c y c l o [ 3 . 2 . 1 ] o ct a n e  (107) wi t h  
E t h a n o i c  Acid
A s o l u t i o n  of (107) (0.098 g, 0.5 mmol) in g l a c i a l  e t h a ­
no ic  acid (20 ml) was stirred under r efl ux at 1 2 0 ° (bath t e m ­
p e r a t u r e )  for 6 d. On cooling, the re a c t i o n  s o l u t i o n  was
p o u r e d  into w ate r and ext ra ct e d  with ether, the e xt r a c t  b ei n g  
w a s h e d  wi t h s a t u r a t e d  so di u m bi carbonate, w at er  to n e u t r a l i t y  
and dried. Re m ov a l  of solvent gave 6 ,7 - d i a c e t o x y - 8 - t h i a b i -  
c y c l o  [3.2 . 1 ] octan e (138) (0.121 g, 100%) as a y e l l o w  oil. . 
D i s t i l l a t i o n  of this at 40°, 0.06 mm gave a c o l o u r l e s s  oil 
w h i c h  s o l i d i f i e d  im m ed i a t e l y  to needles, m.p. 55 - 56° (found: 
C, 54.32; H, 6 .6 8 . ^1 1 ^ 1 5 ^ 4 ^  requ ire s C, 54.09; H, 6.60%);
m /e 244 ( M ) , 184 (M - AcOH), 151(184 - S H ) , 124 (184 - A c O H ) ,
108 (151 - Ac), 97 (C^H^S), 91 (C ^ H ^ ) and 43 (base peak);
v 2910, 2830, 1739, 1368, 1240, 1220, 1060, 1046 and 901 m ax > > > > > > >
c m - 1 ; 5.35 (dd, J ^  4 and 3 Hz, 2 H; H - CO), 3.35 (m, 2 H;
H - CS), 2.24 - 1.42 (m, ca. 6 H; C H 2 ) and 2.02 (s, ca. 6 H;
Me) .
R e a c t i o n  of 6 , 7 - D i c h l o r o - 8 - t h i a b i c y c l o [ 3 . 2 . 1 ] o c tan e (107) w it h  
G l y c i n e
1. In the Ab se nc e of W a t e r . A mi x t u r e  of (107) (0.098 g,
0.5 m mo l )  zinc dust (0.65 g, 10 mmol), gly c in e (0.37 g, 5 mm ol) 
and d i o x a n  (5 ml) was refl ux ed (bath t e m p e r a t u r e  1 2 0 °) w i t h  
v i g o r o u s  s t i r r i n g  for 24 h. The r e ac t i on  m i x t u r e  was f i l t e r e d  
and the f i lt r a t e  poured into ether and w a sh e d wi th  water . The 
e t h e r  laye r was dried and e va por at ed to give s t a r t i n g  m a t e r i a l  
as a y e l l o w  solid.
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2. In A q u e o u s  D i m e t h y l f o r m a m i d e . A mi x t u r e  of (107) (0.098  
g, 0.5 mmol) , zinc dust (0.65 g, 10 mmol), g ly cin e (0.37 g, 5 
mm ol ) ,  d i m e t h y 1 fo r m a mi d e  (5 ml) and a few drops of w a t e r  w as  re- 
f l u x e d  (bath  t e m p e r a t u r e  130 ) with vi go r o us  s t i r r i n g  for 15 h. 
W o r k - u p  as above gave 8 - t h i a b i c y c l o [ 3 . 2 . 1 ] o c t - 6 -ene (114)
3. In the P r e s e n c e  of Tin (II) C h l o r i d e . A m i x t u r e  of (107) 
( 0 . 1 9 6  g, 1 mmol), tin (II) chloride d i h y dr a te  (1.13 g, 5 mmol),  
g l y c i n e  (0.37 g, 5 mmol) and water (3 ml) was r e f l u x e d  (bath 
t e m p e r a t u r e  130°) with vi gorous stir ri ng for 21 h. The r e ­
a c t i o n  m i x t u r e  was poured into ether and wa sh ed  w i t h  water.
T he  o r g a n i c  layer was dried and eva por a te d  to give 6 , 7 - d i h y d r o x y -  
8 - t h i a b i c y c l o [3 . 2.1 ] octane (115) (0.15 g, 94%).
A t t e m p t e d  D e c h l o r i n a t i o n s  of 6 ,7 - D i c h l o r o - 8 - t h i a b i c y c l o [3.2 .11 
o c t a n e  (107) w i th  Iodides
1 . W i t h  P o t a s s i u m  Iodide A mixtu re  of (107) (0.098 g, 0.5 
mm o l )  and p o t a s s i u m  iodide (1.66 g, 6 mmol) in d i o x a n  (30 ml) 
w as  r e f l u x e d  w i t h  vig or o us  stirring at 1 2 0 ° (bath t e m p e r a t u r e )  
for 6 days. On cooling, the re action m ix t ur e  was p o u r ed  into 
w a t e r  and e x t r a c t e d  with ether. Dryi ng  and e v a p o r a t i o n  of 
the e t h e r  layer  gave only unreacted sta r t in g  mat er i al .
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2. W i t h  M a g n e s i u m  Iodide A m ixt ure  of m a g n e s i u m  t u r n i n g s
(0 .0 2 4  g, 1 mm ol) and dry ether (20 ml) was s t ir r e d un d er  r e f l u x  
for 15 m and io d i ne  (0.033 g, 0.13 mmol) was added in sm al l p o r ­
tions. W h e n  the mi x tu r e  became vi rt ua lly  c o l o u r l e s s ,  a s o l u ­
t io n  of (107) (0.098 g, 0.5 mmol) in ether (10 ml) was a dd e d
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and the m i x t u r e  r e fl u x ed  for 9 h. The r e a c t i o n  m i x t u r e  was 
p o u r e d  into ethe r and wa s h ed  with water. The s e p a r a t e d  o r ­
g a n i c  la y e r was dried and ev ap or a t ed  to l ea ve u n r e a c t e d  s t a r ­
t i n g  m a t e r i a l .
A t t e m p t e d  R e a c t i o n  of 6 ,7 - D i c h l o r o - 8 - t h i a b i c y c l o ( 3 . 2 . l ) o c t a n e  
(107) w i t h  S od i u m  S ul phi de
A m i x t u r e  of (107) (0.098 g, 0.5 mmol), t e t r a h y d r o f u r a n  
(25 ml) and N a 2 S 9 H20 (0.78 g, 3.25 mmol) was r e f l u x e d  w i th  v i g o ­
r ous  s t i r r i n g  (bath tempe ra tu re,  100°) for 24 h, the r e a c t i o n  
m i x t u r e  f i l t e r e d  and the filtrate e xt ra c te d  w i t h  d i c h l o r o ­
m e t h a n e .  The or ga nic  layer was dried and e v a p o r a t e d  l e a v i n g  
a y e l l o w  solid, NMR of w hic h i nd ica te d only the p r e s e n c e  of 
the u n r e a c t e d  st a r t i n g  material.
The  r e a c t i o n  was r ea t t e m p t e d  on the same scale, us i n g  
t w i c e  the q u a n t i t y  of N a 2 S 9H 20 (1.46 g) and r e d u c i n g  the v o l u m e  
of t e t r a h y d r o f u r a n  to 3 ml. However, no r e a c t i o n  t o ok  place.
CHAPTER 2
7 , 8 - D i s u b s t i t u t e d - 9 - t h i a b i c y c l o [ 4 . 2 . 1 ] n o n a n e s
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Th e rea ct io n s , d i s c us s ed  above, of 6 ,7 - d i c h l o r o - 8 - t h i a -  
b i c y c l o [3.2.1 ]oc ta ne  (107) with e l e c t r o n - p o o r  n u c l e o p h i l e s  
c o n t r a d i c t  the r e po r t ed  u n r e a c t i v i t y  of the c i s - v i c - d i c h l o r o  
s y s t e m  of the ho mol o g ue , 7 , 8 - d i c h l o r o - 9 - t h i a b i c y c l o [4.2 .1 ]- 
n o n a n e  (111). To resolve this paradox, the r e a c t i v i t y  of (111) 
t o w a r d s  co n d i t i o n s ,  found to be e ff e c ti v e  in bringing a bo u t  r e ­
a c t i o n  of (107), was investig at ed .
Thus, 7 , 8 - d i c h l o r o - 9 - t h i a b i c y c l o [ 4 . 2 . 1 ] n o n a n e  (111) was
r e p r e p a r e d  by sulphur d i c h lo ri d e a d d i t i o n  to 1 ,3 - c y c l o o c t a
d i e n e  (141) u nde r high d i l ut i o n at 0° as a m o d i f i c a t i o n  of a
3 8
r e p o r t e d  p r o c e d u r e
(111) sho w e d a 9:6:1 mol e c ul ar  ion group (m/e 210, 212, 
214) c h a r a c t e r i s t i c  of a dichloride, in the mas s s p e c t r u m  and 
p o s s e s s e d  the same c o n f i g u r a t i o n  as (107) of the C-Cl and C-S 
b o n d s  as show n by the virt ua l ident it y in the NMR s p e c t r u m  
(Fig. 13) of the H(7), H ( 8 ) a b s o r p t i o n  at 6 4. 84  (cf. H (6 ),
H( 7) of (107) (Fig. 2)in both c h emi cal  shift and a p p e a r a n c e .
The  H - Cl s ign al of (111) col l ap s e d to a sin g le t  on d o u b l e  
i r r a d i a t i o n  of the b r i d ge he a d signal (6 3.65) i n d i c a t i n g  that 
(111) po s s es s e s,  like (107), a plane of sym metry. A s t at i c  
m o d e l  of (111) with  the 7- m e mb er e d ring as a p s e u d o - c h a i r  
a p p a r e n t l y  does not have a plane of s y mm e t r y  but the m od e l  is 
c o n f o r m a t i o n a 1 1 y m o bi l e  and thermal a v e r a g i n g  of the c o n f o r ­
m a t i o n s  may e f f e c t i v e l y  create a mirro r plane. In this 
m o d e l  of (111) the obs erved di hedral an gle b e t w e e n  H(7) and 
H (6 ) (or H( 8 ) and H(l)) of 35 - 40° is close, to the v al u e  of
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40 c a l c u l a t e d  from the K a rp l u s equation, = 9 cos 0 - 0.3
Hz, w i t h  = 5 Hz, the larger of the two c o u p l i n g s  o b s e r v e d
in the H(7), H ( 8 ), double doublet.
(Ill) was found to underg o r e p l a c e m e n t  r e a c t i o n s  w i t h  
e t h a n o l  and wa te r in a manner similar to the s o l v o l y s e s  of 
(107) and c o m p a r a b l e  rea ct i on  times were n e c e ss ar y . In the 
r e a c t i o n  of ( 1 1 1 ) with me th an ol and zinc, e l i m i n a t i o n  was 
f o u n d  to c o m p e t e  fa vo u ra b l y with su b s ti tu t io n .
R e f l u x  of (111) in ethanol in the pr e s e n c e  of zinc gave 
7 , 8 - d i e t h o x y  - 9 - t h i a b i c y c l o [4 . 2 . 1 ] no na ne (142) as an oil.
T h i s  s t r u c t u r e  was a ssi gne d from a mass s p e c t r a l  m o l e c u l a r  ion 
at m /e 230, the IR s t r e t c h i n g  bands of C-0 at 1105, 1065, and 
1045 cm  ^ and the ethoxy a b s o r pt io n  in the NMR s p e c t r u m  (Fig. 
14) at 6 1.25 (CH^) a n d 3.9 - 3.4 ( C ^ ) .  The b r i d g e h e a d  s i g ­
nal (6 3.9 - 3.4), co i n c i d e n t  with the H 2C-O a b s o r p t i o n ,  and the 
b r o a d  m e t h y l e n e  env e lo p e  ext en d in g  from 6 2.3 to 0.8 i n d i c a t e d  
the p r e s e n c e  of the bicyc lic  framework. In this case, a c c u ­
r at e  m e a s u r e m e n t  of co up li n g con st a nt s  was not p o s s i b l e  b e c a u s e  
of this c o i n c i d e n c e  of NMR abs or pti on s.
As was found with (107), the crude pr od uct  of r e a c t i o n  of 
( 1 1 1 ) w i t h  e t h a no l and zinc showed a l o w - i n t e n s i t y  v in yl a b s o r ­
p t i o n  (6 5.86) in the NMR s p ect rum  i n d i c a t i n g  that d i c h l o r i ­
n a t i o n  had o c c u r r e d  only to a very mi no r extent. D e c h l o r i ­
n a t i o n  of ( 1 1 1 ) did not take place in its r e a c t i o n  w i t h  e t h a n o l  
in the a b s e n c e  of zinc. In this case, only (142) was q u a n t i ­
t a t i v e l y  forme d after the prolo ng ed  r e a c t i o n  t im e of 15 days.
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W i t h  b o i l i n g  m et h a no l in the pr es en ce of zinc, (111) 
f o r m e d  b ot h  7 , 8 - d i m e t h o x y - 9 - t h i a b i c y c l o [ 4. 2 .1 ]n on a n e  (143)
(24%) a nd the e l i m i n a t i o n  product, 9 - t h i a b i c y c l o [ 4 . 2 . 1 ]n o n - 7 -  
ene (144) (36%), after 10 days. This was c le a rl y  s how n by the 
a p p e a r a n c e  of two bri dge h ea d  signals, t og eth er  w i t h  both v i ny l  
and H — CO a b s o r p t i o n s  in the NMR sp e c t r u m  of the cr ud e  r e ­
a c t i o n  mi x t u r e .  The pro ducts were sep a ra te d  by p r e p a r a t i v e  
t. l.c .
T h e  s o l v o l y s i s  product (143), iso l a te d  from the band of 
R f 0 .6 , gave m i c r o a n a l y t i c a l  figures c o n s i s t e n t  w i th  the m o l e ­
c u l a r  f or m u la ,  C ^ Q H ^ g 0 2 S, and showed a mass s p e c t r a l  m o l e c u l a r  
ion at m/ e 202. The IR s pec tru m pos se ss e d  i n t e n s e  C-0 s t r e t ­
c h i n g  a b s o r p t i o n s  at 1185, 1130 and 1090 cm  ^ and the N MR s p e c ­
t r u m  (Fig. 15) showe d m e t h ox y  a b s o r p t i o n s  as a si ng l e t ( 6 H) 
at 6 3.5. The b r i d g e h e a d  and m e t h y l en e si gn al s at 6 3.0 and 
2.1 - 1.65, of i n t eg r at ed  int ens i ti e s  1:4, c o n f i r m e d  the p r e ­
s en c e  of the b ic y c li c  framework. That the r e p l a c e m e n t  had 
o c c u r r e d  w i t h  stereochemical ret ention was i n d i c a t e d  by the 
a p p e a r a n c e  of the C(7) and C ( 8 ) a b s o r p t i o n s  as the c h a r a c t e r i ­
s tic  d o u b l e  doublet, with the larger c ou p l in g  c o n s t a n t  of 5.5 
Hz.
T he  s t r u c t u r a l  as si gn men t of the al ke ne (144) , i s o l a t e d  
f r o m  the band of R^ 0.71, was es tab li s he d  from its m o l e c u l a r  
w e i g h t  (m/e 1 40 .0 677 ) and three dis tinct NMR a b s o r p t i o n s  (Fig. 
16) in the vi nyl (6 5 .8 6 ), H - CS (6 3.97) and s a t u r a t e d  m e t h y l  
le ne  (6 2.1 - 1.3) regions in the in t e ns i t y r at io of 1:1:4.
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A b s o r p t i o n s  a s s o c i a t e d  with the prese nc e of the do u bl e
bond  a p p e a r e d  at 1623 and 690 cm  ^ in the i nf r ar e d  s p e c tr u m .
T r e a t m e n t  of (1 1 1 ) with r e flu xi ng  aque ou s t e t r a h y d r o f u r a n
in p r e s e n c e  of zinc for 4 days fur nis hed  7 , 8 - d i h y d r o x y - 9 - t h i a -
b i c y c l o [4 .2 .1 ]nonane (145) as a colourless Waxy solid m.p.
232 — 240 (seale d tube). This gave m i c r o a n a l y t i c a l  f i g u r e s
c o r r e s p o n d i n g  to a m o l e cu l ar  formula of C q H, ,0o S and s h ow e d  a
o 14 A
m o l e c u l a r  ion at m/e 174 in the mass spectrum. (145) e x h i b i ­
ted s t r o n g  0 - H (3620 cm ^ ) and C - 0 (1060 cm ^ ) s t r e t c h i n g  
a b s o r p t i o n  in the IR s pe c t ru m  and pos ses sed  a c o n c e n t r a t i o n -  
d e p e n d e n t  d e u t e r i u m - e x c h a n g e a b l e  hy dr ox y l  a b s o r p t i o n  in the 
N M R  s p e c t r u m  (Fig. 17). The hyd ro ly si s  of (111) as w it h  
(107), had p r o c e e d e d  with s t e r eo c h em i c al  r e t e n t i o n  as i n d i c a ­
ted by the i d e n t i c a l  m u l t i p l i c i t y  and similar c o u p l i n g  of J ^
5.4 Hz s h o w n  by the H(7), H ( 8 ) ab s or p t i o n  (6 4.4) in both NMR 
s p e c t r a  (Figs. 17 and 2).
U n l i k e  the clean o x i d a t i o n - d e c h l o r i n a t i o n  of (107) to 
(126) w i t h  s o di u m  h y dr ox i de  in aqueous dioxan, ( 1 1 1 ) r e a c t e d  
s l u g g i s h l y  un de r  these c o ndi tio ns  to give a poor yi eld of a 
m i x t u r e  af t e r  24 hours. This showed only v i n yl i c  and m e t h y -  
l en i c  a b s o r p t i o n s  at 6 5.1 - 6.4 and 0.6 — 2.7 but no peak 
due to s u l p h u r  br idg e h ea d  (usually ca. 6 3.6), One c o m ­
p ou n d  was s e p a r a t e d  from this mixture by t.l.c. and s ho wed  
N M R  a b s o r p t i o n  simil ar  to the crude spectrum. Si nce the 
p r o d u c t s  of this react ion  were not bicyclic, they w er e  not 
f u r t h e r  i nv e s ti g a t e d .
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( 1 1 1 ) reacted in the same way as (107) towards 1 ,2-dioxy — 
e t h y l e n e .  The no vel d i o x y m e t h y l e n e — fused h e t e r o c y c l e  (146) 
w a s  f o r m e d  in 80% yield by ove rn igh t reflux of ( 1 1 1 ) in 1 ,2 - 
d i h y d r o x y e t h a n e  in pres en ce of zinc. The oily product, 
^ 1 0 ^ 1 6 ^ 2 ^ ’ e x hi b i t e d  a mol e c ul ar  ion at m/e 200 and s t r o n g  
C — 0 a b s o r p t i o n  at 1120 and 1105 cm  ^ in the IR spe c t ru m .
In the H - CO regi on  of the NMR sp ec tr u m (Fig. 18) the di ox y 
m e t h y l e n e  a b s o r p t i o n s  appe ar ed as a tripl et  ( 6 3 .5 ) and the 
n e w  b r i d g e h e a d  proto ns  as a sharp double doublet, the s t e r e o ­
c h e m i c a l  a s s i g n m e n t  being based on the simi lar  a p p e a r a n c e  of 
H - CO and b r i d g e h e a d  signals to those of (111) and (142).
(Ill) b e h a v e d  i d e n t i c a l l y  to (107) towards 1, 2 - d i a m i n o e t h a n e  
and 1 ,2- d i a m i n o b e n z e n e . (Ill) reacted wi th 1 ,2 - d i a m i n o ­
e t h a n e  in p r e s e n c e  of zinc to give the alken e (144) (100% yield) 
w h e r e a s  w i t h  the weaker  nucleophile, 1 ,2-diamino ben ze ne , a dual 
s u b s t i t u t i o n  took place forming the new b e n z o - f u s e d  p i p e r a z i n e  
(147) (69% yield).
(147) m.p. 130 - 131°, separated from excess  r e a g e n t  by 
p r e p a r a t i v e  t.l.c., showed a mo lecular ion at m/e 246 in the 
m a s s  s p e c t r u m  and gave strong amine ab sorption, N - H s t r e t ­
c h i n g  at 3380 c m " 1 , C - N stretching at 1275 c m - 1 , in the IR 
s p e c t r u m .  By c o m pa r is o n  with starting m a t e r i a l  (107), the 
N MR  s p e c t r u m  (Fig. 19)of (147) possessed new a b s o r p t i o n s  at
6 6.7 and 4.15, of integrat ed intensity ratio 2 :1 , due to 
the p r e s e n c e  of the aromatic and H - CN protons. T his
data, t a k e n  t og e t he r  with m i c r o a na ly t ic a l  fi g ur e s  c o r r e s p o n ­
d in g  to the m o l e c u l a r  formula, ^ 4.^^ 2^ ’ c o n fi-rms the s t r u c ­
t u r a l  a s s i g n m e n t  of (147).
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( 1 1 1 ) rea c t ed  in the same way as (107) tow a r ds  c a t e c h o l  
and phenol. R ef lux  of (1 1 1 ) in liquid c at e ch o l  in p r e s e n c e  
of zinc for 20 hour s furnished a co lo ur les s c r y s t a l l i n e  p r o ­
d u c t  (100%), m.p. 98 - 99°, w hic h was se par at ed from e x c e s s  
r e a g e n t  by t.l.c. The assigned be n z o - d i o x a n  s t r u c t u r e  (148) 
w a s  c o n s i s t e n t  w i t h m i c r o a n al yt i ca l  figures, anc  ^ a
m o l e c u l a r  ion at m/e 248. The IR s pe ctr um  p o s s e s s e d  i n t e n s e  
C - 0 s t r e t c h i n g  abs o r pt io n s at 1090, 1061 c m -1 and the NMR 
s p e c t r u m  (Fig. 20) showed prominent ar oma ti c peaks (4 H) at 
6 6. 93 - 6.84. The b r idg ehe ad  and m e t h y l e n e  si g n a l s  at 6
3 . 8 0  and 6 2.6 - 1.4 of inte gr at ed in t en s i t i e s  1:3 c o n f i r m e d  
th e p r e s e n c e  of the bicyclic framework. Once again, the 
a p p e a r a n c e  of the H - CO signal as 4 peaks, e m b o d y i n g  a l a r ­
ger c o u p l i n g  c o ns t a n t of 5.5 Hz (a p pr o xi mat ely  the same as for 
( 1 1 1 ) w i t h  the br id g e h ea d  absorption, ve ri fi e d that the n u c l e o -  
p h i l i c  s u b s t i t u t i o n  had oc curred with retention.
R e a c t i o n  of (111) with phenol in pre se n ce  of zinc f u r n i ­
s he d  a c o l o u r l e s s  cr ys t al l i ne  product (77%), w h i c h  s h ow e d a 
m o l e c u l a r  ion at m/e 232 in the mass spectrum. The NMR  s p e c ­
t r u m  (Fig. 21) of this product was complex. In a d d i t i o n  to 
the b ro a d  bi c y cl i c  me th yl e ne  ab s or p t i o n s  (6 2.6 - 1.5) and 
two d i f f e r e n t  br id geh ea d signals at 6 4.2 (H - C(l)) and 
;S 4. 8 (H  - C( 6 )), new peaks appeared in the a r o m a t i c  (6 7.6 - 
7 .0 ) and viny l (6 5 .9 ) regions, of i nt e g r a t e d  i n t e n s i t y  r a ti o  
5:1. T h u s the product was es ta bl is hed  as h av i n g  the u n s y m -  
m e t r i c a l  st r u c t u r e  (149), formed in the same way ( S c he m e  19) 
as (134). To examine the reaction of (111) to an acid of
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m e d i u m  s t ren gth , ( 1 1 1 ) was refluxed in glacial e t h a n o i c  acid  
for 38 h o u r s  in pr es enc e of zinc T h i s  r e a c t i o n  f u r n i s h e d  
two c o m p o u n d s  w h i c h  were separated by p r e p a r a t i v e  t.l.c.
Th e b a n d of R f 0.85 gave the alkene (144) (30% yield) and 
t hat  of 0.17 f u r ni s h ed  the su bs t i t u t i o n  pro d u ct  (150, 70% yield) 
Th e l a t t e r  sh ow ed  a mo l ec u l ar  ion peak at m/e 258 in the m as s  
s p e c t r u m  and i n te n s e ester carbonyl s t r e t c h i n g  a b s o r p t i o n  
(1 749  cm ^) in the IR spectrum. Its NMR s p e c t r u m  (Fig. 22) 
p o s s e s s e d  a pr o m i n e n t  methyl singlet at 6 2.06 and the p r o ­
t ons  at C(7), C ( 8 ), app e a re d  as a double d ou b l et  at 6 5.37. 
W i t h i n  this group the larger coup lin g of 5 Hz w i t h  the b r i d g e ­
h e a d  p r o t o n s  (6 3.61) indicates, as before, that s u b s t i t u t i o n  
ha s t a k e n  place wi th  retention.
To a s s e s s  the role of zinc in the e l i m i n a t i o n  pr ocess,
(111), was  r e f l u x e d  in ethanoic acid alone. Af te r 14 days, 
the s t a r t i n g  m a t e r i a l  had been q u a n t i t a t i v e l y  c o n v e r t e d  to 
(150) and there was no alkene formed. These r e s u l t s  s u g g e s t  
t hat  the zinc c o m p l e x e s  with the chl o r in e  atoms of ( 1 1 1 ), the 
ethanoate ion. C H 3 C 00  (formed by the r ea c t io n  of e t h a n o i c  acid  
w i t h  zinc) s u p p l y i n g  the remaining two li gan ds  of the t e t r a ­
h e d r a l  co m pl e x .  Sulphur assisted e x p ul s i on  of c h l o r i d e  ion, 
as p r e v i o u s l y  discussed, (Scheme 15) is fo ll ow ed in this case, 
by r a p i d 1 e l i m i n a t i o n  of the second ch l or i n e  f o r m i n g  the a l k e n e  
(144), in c o m p e t i t i o n  with solvolysis.
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F r o m  the above  inv es tigation, it can be d e d u c e d  that the 
3 ,3 '- d i c h l o r o s u l p h i d e  funct io n of (1 1 1 ) be ha v e s s i m i l a r l y  to 
th at of (107) w i t h  the e xc ept io n of the r e a c t i o n s  w i t h  m e t h a -  
n o l - z i n c  and et h a n o i c  acid-zinc. In these cases, (111) u n ­
d e r g o e s  e l i m i n a t i o n  as well as su bst itution, w h i c h  is, by far, 
the m a j o r  p ro c e s s  for (107).
E X P E R I M E N T A L  SECTION
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R e a c t  ion— o_f— 1,3 C yc loo ct a di e n e (141) with Su lp hu r D i c h l o r i d e
F r o m  se p ar a t e  funnels, a solution of 1 ,3 — c y c l o o c t a d i e n e  
(5 g, 4 6 . 2 9  mmol) in di chl or o me t h an e  (40 ml) and a s o l u t i o n  
of s u l p h u r  d i c h l o r i d e  (5.22 g, 50.67 mmol) in d i c h l o r o m e t h a n e  
(40 ml) w er e  ad de d dr opwise with stirring to m e t h y l e n e  c h l o ­
r id e  (40 ml) over 1 h at 0° and the r ea ct io n m i x t u r e  a l l o w e d  
to w a r m  to room temperature. Solvent was rem o ve d unde r s u c ­
t io n  to le ave a yellow syrup (9.76 g). An a n a l y t i c a l  s a mp l e  
of 7 , 8 - d i c h l o r o - 9 - t h i a b i c y c l o [ 3 . 3 . 1 ]nonane  ( 1 1 1 ) was p r e p a r e d  
by s h o r t - p a t h  s u b l i m a t i o n  of this syrup at 60°, 0.05 mm to 
gi ve a w a x y  solid, m.p. 138 - 140°. C h r o m a t o g r a p h i c  p u r i f i ­
c a t i o n  wa s found to be more satisfactory. Thus, a s o l u t i o n  
of the ab o v e  syrup (2.65 g) in di c hl o r o m e t h a n e  was e v a p o r a t e d  
to d r y n e s s  in the presence of t.l.c. silica gel GF 254 ( 8 g). 
The d r i e d  m a t e r i a l  was placed on top of a d r y - p a c k e d  c o l u m n  
( 3 cm x 13 cm) of silica gel (total 70 g), c o n t a i n e d  in a p o ­
r o s i t y  3 c o l u m n  w it h a vacu um side-arm. The co l u m n  was
w a s h e d  u n d e r  s u ct i o n with hexane (200 ml, one f r a c t i o n  only). 
R e m o v a l  of the he xa n e  gave (111) as a pale y el l o w  solid (1.45 
g, 5 5 %) w h i c h  c ry s t a l l i s e d  from hexane as c o l o u r l e s s  prisms, 
m.p. 168 - 169° (lit. m.p. 185.5 - 186.5 ). (Found; C,
45.6 0; H, 5. 6 9-  C 8H 12C 1 2 S recluires C ’ A 5 *49; H > 5.68%)
m /e  214, 2 1 2 , 210 (1:6:9, M ) , 177, 175 (M - Cl, base peak),
141, 139 (175 - H C 1 ), 105 (139 - H 2 ), 97, 79 and 77; v max
2930, 2875, 2855, 1455, 1448, 1437, 1255, 983, 960, 720 and 
595 c m - 1 ; 6 4.85 (dd, J ^ 5 and 2.5 Hz, 2 H; H - C Cl),
3 .6 5  (m, 2 H; H - CS) and 2.6 - 1.3 (m, 8 H; C H 2 ).
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R e a c t i o n  of 7 , 8 - D i c h l o r o - 9 - t h i a b i c yclo \ 4 . 2 . 1 1 no na n e  (111)
w i t h  E t h a n o l
1 . W i t h  E t h a n o l  Alone. (Ill) (0.06 gl 0 .9R m m n i ) was r e ­
f l u x e d  w i t h  v i g o r o u s  stirring in ethanol (20 ml) for 15 days, 
a f t e r  w h i c h  the so lu ti on was cooled and ethanol r e mo v e d  un d e r
r e d u c e d  p r e s s u r e  to give 6 , 7 - d i e t h o x y - 9 - t h i a b i c y c l o [4 . 2 .1 ]-
o
o c t a n e  (142) as a c o l o ur l e ss  oil b.p. 60, 0.05 mm (Found
m /e  2 3 0 - 1 3 4 2 .  ^ 1 2 ^ 2 2^ 2 ^  r e quires 230.1340); m/e 230 ( M ) ,
197 (M - HS), 184 (M - E t O H ) , 151 (184 - H S ) , 125, 99, 85 and 
69 (b ase  peak); V max 2979, 2930, 2875, 1445, 1375, 1312,
1130, 1112, 1040 and 923 c m - 1 . 6 4.1 (m, ca. 2 H; H - CO),
3.9 - 3.4 (m, ca. 6 H; H 2C - 0 and H - CS), 2.3 - 0.8 (m, C H 2 ) 
and 1.25 ( s u p e r i m p o s e d  on the C H 2 abs orption, t , J 'u 6 Hz;
c h 3 )
2. W i t h  Zinc P r e s e n t . A mixture of (111) (0.21 g, 1 mmol) 
zin c dust (0.39 g, 6 mmol) and ethanol (15 ml) was r e f l u x e d  
( ba t h  t e m p e r a t u r e  1 0 0 °) with vigorous st ir r i n g  for 8 days.
T he r e a c t i o n  m ix t u r e  was poured into ether and w a s h e d  w i t h  
w a t e r.  Th e dried organic layer was e v ap o r a t e d  to give (142) 
( 0 . 22 9  g, 1 0 0 %), w hi ch showed physical c h a r a c t e r i s t i c s  i d e n t i ­
cal to the p r e v i o u s  sample.
R e a c t i o n  of 7 ,8 - D i c h l o r o - 9 - t h i a b i c y c l o [4 . 2 . 1]n o na ne (111) 
w i t h  M e t h a n o l  and Zinc
A m i x t u r e  of (111) (0.21 g, 1 mmol), zinc dust (0.65 g,
10 m m o l )  and m et h a n o l  (20 ml) was ref luxed at 100 (bath t e m ­
p e r a t u r e )  w i t h  vig o r ou s stirring for 10 days. The r e a c t i o n  
m i x t u r e  w as fi lt er e d and the filtrate poured into e th er and
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w a s h e d  w i t h  water. The ether layer was dried and e v a p o r a t e d  
to g ive  a c o l o u r l e s s  oil (0.180 g) wh ich was sh own by t.l.c. 
in e t h e r — h e x a n e  1:3 to be a mixture of two c o mpo und s.  T his  
w as  s e p a r a t e d  by pr epa ra tiv e t.l.c. in the same solvent.
T he ba nd of R^ 0.71, extracted with boiling d i c h l o r o m e t h a n e ,  
ga ve 9 - t h i a b i c y c l o [ 4 . 2 . 1 ]non-7-ene (144) (0.062 g, 36%) and 
that of 0.6 gave 7 , 8 - d i m e t h o x y - 9 - t h i a b i c y c l o [ 4 . 2 . 1 ] n o n a n e
(143) (0 .0 4 2 g, 24%).
An a n a l y t i c a l  sample of (144) was prep are d by s h o r t - p a t h  
s u b l i m a t i o n  at 38° at wa ter -p u mp  pressure as c o l o u r l e s s  n e e d ­
les, m.p. 110 - 111° ( l i t .45 m.p. 108 - 109°), (Found: 140. 
0677. ^ 8 ^ 1 2 ^  req u i re s  140.0660); m/e 140 ( M ) , 111 (M - Et),
107 (M - HS), 105, 97 (C^HcS, base peak), 91 CcHcS and 84
5 5 5 5
(C , H ,S ) ; v 3050, 2930, 2845, 1623, 1438, 1432, 1342, 1108, 
4 4 max
951, 880 and 690 cm  ^’ 6 (100 Mftz) 5.86 (J ^ 5.5 and 2.5 Hz,
2 H; vi ny l ) , 3.97 (m, 2 H; H - CS) and 2.1 - 1.3 (m, 8 H;
c h 2 ) .
An a n a l y t i c a l  sample of (143) was pre pa r ed  by s h o r t - p a t h  
d i s t i l l a t i o n  at 30° 0.1 mm as a col ou r le s s  oil (Found: C,
59.25; H, 8.70. C ioH 1 8 ° 2 S r e ^uires C ’ 5 9 -4 0 ; H » 8.91%); 
m/ e 202 (M) , 169 (M - SH), 137 (169 - MeOH) , 111 (137 - C ^ )  
109, 97 (111 - C H 2 ), and 40 (base peak); V max 2915, 2812,
1439, 1186, 1128, 1088, 1000 and 898 c m - 1 ; 6 4.05 (dd, J ^
5.5 and 2 Hz, 2H; H - CO), 3.5 (s; C H 3 and m; H - CS; 8 H)
and 2.3 - 1.4 (m, 8 H; C H 2 ).
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R e a c t i o n  of 7 , 8 - D i c h l o r o - 9 - t h i a b i c y c l o [ 4 . 2 . 1 1 no na n e  (111) 
w i t h  W a t e r
A m i x t u r e  of (111) (0.105 g, 0.5 mmol), t e t r a h y d r o f u r a n  
(2 ml) a nd  wa t e r  (5 ml) was refluxed (bath t e m p e r a t u r e  90°) 
w i t h  s t i r r i n g  for 4 d. The reaction m i xt ur e  was po ur e d  into  
e t h e r  and the ether layer washed with water, dried and e v a p o ­
r a t e d  to giv e 7 , 8 - d i h y d r o x y - 9 - t h i a b i c y c l o [ 4 . 2 . 1 ] n o n a n e  (145) 
( 0 . 0 76  g, 8 8 %). An an a l yt ic a l sample was pr e p ar e d  by s h or t -  
p at h  s u b l i m a t i o n  at 60°, 0.15 mm giving c o l o u r l e s s  ne ed le s,  
m.p. 232 - 235°, (sealed tube) (Found: C, 55.26; H, 8.04.
^ 8 ^ 1 4 ^ 2 ^  r e q u i r e s  C, 55.17; H, 8.04%); m/e 174 ( M ) , 156 
(M - H 20), 141 (M - SH), 123 (156 - SH), 115, 114, 101,
99, 59, 57, 55 and 29 (base peak); V 3620, 3360, 2920,
r max
1440, 1380, 1060, 905 and 845 c m - 1 ; 6 4.4 (dd, J ^ 5.4 and
2.5 Hz, 2 H; H - CO), 3.5 (m, 2 H; H - CS) and 2.1 - 1.5 
(m, 8 H; C H 2 )
A t t e m p t e d  R e a c t i o n  of 7 , 8 - D i c h l o r o - 9 - t h i a b i c y c l o [ 4 . 2 . 1 1 n o n a n e  
(111) w i t h  S o d i u m  Hy dr ox i d e
1. In D i m e t h o x y e t h a n e . A mixture of (111) (0.105 g, 0.5 
m mo l ) ,  s o d i u m  h y d r o x i d e  (4 ml, 10%) and d i m e t h o x y e t h a n e  (4 ml) 
w a s  r e f l u x e d  (bath tem p er a t ur e  100 ) with v i g o r o u s  s t i r r i n g  
for 14 h. On cooling, the reaction m i x t u r e  was po ur ed into 
e t h e r  and w a s h e d  wi th  water to neutrality. The ether  la ye r  
w a s  e v a p o r a t e d  to give the unr eacted s t ar t i ng  m a t er i a l.
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2. In D i o x a n . A m i xt u re  of (111) (0.1 g,  0.47 mmol), d i o x a n  
( 2 ml) and so d i u m  hy d ro x i de  (7 ml, 10%) was re f l u x e d  (bath 
t e m p e r a t u r e  120 ) wi th st irring for 24 h. The r e a c t i o n  m i x ­
tu re w as  p o u r e d  into ether and washed with water to n e u t r a l i t y .  
Th e e t h e r  layer  was evaporat ed leaving a brown r es i d ue  in low 
y i e l d  (0.03 g), the NMR of which showed vinyl (6 5.1 - 6.4) 
an d m e t h y l e n e  a b s o r p t i o n s  (6 0.6 - 2.7) but no s ig n al s  at ca.
6 6.5 for b r i d g e h e a d  protons. An attempt was made to p u ri f y  
t his  by p r e p a r a t i v e  t.l.c. in hexane. A pro m i ne n t  band at 
0.96, e x t r a c t e d  with boiling di c h lo r om eth ane , gave a 
c o l o u r l e s s  soli d (0.102 g), the NMR of wh i c h was e s s e n t i a l l y  
the sa me  as the crude mate ri al and its mass s p e c t r u m  sh o w ed  a 
p ea k  of h i g h e s t  mass at m/e 244. Since this c o m p o u n d  and the 
c r u d e  p r o d u c t  were  unlik el y to be bicyclic su bs ta nce s, this r e ­
a c t i o n  wa s not further investigated.
R e a c t i o n  of 7 , 8 - D i c h l o r o-9 -t h ia b i cy c l o [ 4 . 2 . 1 1 n on ane  (111) w i t h  
1 , 2 - D i h y d r o x y e t h a n e
A s o l u t i o n  of (111) (0.21 g, 1 mmol) in 1 , 2 - d i h y d r o x y  e t ha n e  
(10 ml) w a s  r ef lu x ed  with stirring for 24 h. On co ol in g, the 
r e a c t i o n  s o l u t i o n  was poured into ether and washe d wi t h  water. 
The et h e r  laye r was dried and eva porated to give 7 , 8 — e t h y l e n e — 
d i o x y - 9 - t h i a b i c y c 1 o [4.2 .1]nonane (146) (0.160 g, 80%) as a 
c o l o u r l e s s  oil, b.p. 38°, 0.1 mm (Found: C, 59.91; H, 8.50.
^ 1 0 ^ 1 6 ^ 2 ^  r e q u i r e s  C, 59.98; H, 8.05%); m/e 200 (M), 186 (M - 
C H 2 ), 167 (M - SH), 153, 114, 99, 97, 86, 85 and 84..
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V m ax 2 9 2 0 ’ 2860, 1740, 1440, 1120, 1105 and 910 c m -1 ; <5 ( 100 
M Hz )  3.86 (dd, J ^ 5  and 2.5 Hz, 2 H; H - CO), 3.5 (m,
6 H; H 2 C - 0 and H - CS), 2.3 - 1.3 (m, 8 H; C H 2 ).
R e a c t i o n  of 7 , 8 - D i c h l o r o - 9 - t h i a b i c y c l o\4 . 2 .ll n o na n e  (111) 
w i t h  1 ,2- D i a m i n o e t h a n e
A m i x t u r e  of (111) (0.21 g, 1 mmol), 1 , 2 - d i a m i n o e t h a n e  
(15 ml) and zinc dust (0.65 g, 10 mmol) was he at ed  at 130° 
( ba t h t e m p e r a t u r e )  with vigorous st irring for 20 h. The r e ­
a c t i o n  m i x t u r e  was filtered through celite 535 and the f i l ­
t r a t e  e x t r a c t e d  with ether. The ether layer was w a s h e d  wi th  
w a t e r ,  d r ie d  and ev ap ora ted  to yield 9 - t h i a b i c y c l o [ 4 . 2 .1 ]non-  
7 - e n e  (144) (0.13 g, 100%) as a yellow solid, w h i c h  was s u b ­
s t a n t i a l l y  pure (by NMR). After sublimation, this sh o we d  
p h y s i c a l  c h a r a c t e r i s t i c s  indentical to the p re v io u s  sample.
R e a c t i o n  of 7 , 8 - D i c h l o r o - 9 - t h i a b i c y c l o [ 4 . 2 . 1 1 no n an e  (111) 
w i t h  1 , 2 - D i a m i n o b e n z e n e
( 1 1 1 ) (0.21 g, 1 mmol) was d is sol ve d at 1 2 0 ° (bath t e m ­
p e r a t u r e )  in 1 ,2-d ia m i n o b e n z e n e  liquid (9 g) and zinc dust 
( 0.6 5 g, 10 mmol) was added. The mix t u re  was h e a t e d  at 120° 
w i t h  v i g o r o u s  st irring for 7 h and cooled. The r e s u l t i n g  
s o l i d  was br o k e n  up and extracted several times w i t h  hot 
w a t e r  by a g i t a t i n g  over a steam bath. W h e n the w a t e r  e x ­
t r a c t  had been decanted, the rema ini ng  solid was w a s h e d  out 
w i t h  et h e r  and the solution dried and e v a p o r a t e d  to g iv e a 
red so l id  w h i c h  was shown by t.l.c. in e t h e r - h e x a n e  ( 1 :1 ) to
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be a m i x t u r e  of 1,2 di ami nob e nz e n e and one product. The 
m i x t u r e  was s ep a r at ed  by prepara tiv e t.l.c. in ether. The 
b a n d  of 0.42, extra ct ed with boiling d i c h l o r o m e t h a n e , gave 
1 , 2 - d i a m i n o b e n z e n e  (0.03 g) and that of R 0.85 gave (147) 
(0 .1 5  g, 61%) as yellow needles, m.p. 130 - 131° (Found: m/e
2 4 6 . 1 1 9 0 .  C 14 H 18N 2 S r e T uires 246.11906); m/e 246 ( M ) , 213
(M - S H ) , 145, 132 (C r H q N base peak) 119, 84 and 77; Vo o I max
3380, 2925, 2862, 1607, 1508, 1458, 1298, 1282, 1275, 1170,
_ i
1 120  and 908 cm ; 6 (poor resolution) 6.7 (m, 4 H; Ar), 4.15 
(m, ca. 2 H; H - CN), 3.75 (m, ca. 4 H; H - CS and NH) and
2.5 - 1.5 (m, 8 H; C H 2 ).
R e a c t i o n  of 7 , 8 - D i c h l o r o- 9- th i a bi cy c lo  [ 4 . 2 . 11n o na n e  (111) w i t h  
C a t e c h o l  and Zinc
( 1 1 1 ) (0.21 g, 1 mmol) was disso lv ed  at 1 2 0 ° in c a t e c h o l  
l i q u i d  (5 g) and zinc dust (0.65 g, 10 mmol) was added. The 
m i x t u r e  was stirred at 1 2 0 ° for 2 h, swir led  with wa t e r and 
e x t r a c t e d  w i t h  ether. The ether extract was w a s h e d  w i t h  
w a t e r ,  dr i e d  and evapo ra te d to give (148) as a solid p r o d u c t  
(0 .2 4  g, 100%) wh i ch  was subs tan ti all y pure as sh ow n  by NMR 
An a n a l y t i c a l  sample of (148) was pr epared by s h o r t - p a t h  s u b ­
l i m a t i o n  at 40°, 0.2 mm as co lo ur les s needles, m.p. 98 - 99°, 
(Foun d: C, 67.73; H, 6.47. c i4H i6 ° 2 S r e q uires c « 67.73;
H, 6 . 5 0% ) ;  m/e 248 (M, base peak), 215 (M - HS), 139 (M - 
C 6 H 5 0 2 ), 121, 114, 110 (C6 H 6 S), 105, 97 ( C ^ S ) ,  91, 84
( C . H . S )  and 7 7 ; v 2930, 1605, 1505, 1490, 1270, 1258,
4 4 max
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1149, 1090, 1061 and 912 c m - 1 ; 6 6.93 (bs, 2 H; Ar), 6.84
(bs, 2 H; Ar), 4.65 (dd, J ^ 5.5 and 2.5 Hz; 2 H; H - CO),
3 .8 0  (m, 2 H; H - CS), 2.6 - 2.2 and 1.9 - 1.4 (m, 8 H: C H 2 ).
R e a c t i o n  of 7 , 8— D i c h l o r o - 9 - t h i a b i c y c l o [ 4 . 2 . 1 Inonane (111) w i t h  
P h e n o l  and Zinc
( 1 1 1 ) (19.210 g, 1 mmol) and zinc dust (0.065 g, 10 mmol)
w e r e  a d d e d  to phenol liquid (5 ml) at ca. 60° and the m i x t u r e
h e a t e d  at 130° (bath temperature) with vi go ro u s  s t i r r i n g  for 
20 h. On cooling, the mixture was rendered a l k a l i n e  w i t h  s o ­
d i u m  h y d r o x i d e  solut ion  and extracted with ether. The d e c a n ­
ted e t h e r  layer was washed with water to neu tr a li t y , d ri ed and 
e v a p o r a t e d  to give a brown solid (0.129 g) wh i c h  was s ho wn by 
t. l.c . in e t h e r - h e x a n e  1:1 to be a mixture. S e p a r a t i o n  was 
a c h i e v e d  by p re p a r a t i v e  t.l.c. in the same solvent. The band 
of R^ 0.93, ex t ra c t ed  with boiling d i c h l o r o m e t h a n e , gave (149) 
( 0 . 1 00  g, 77%) and other bands con tained only small a m o u n t s  of 
m a t e r i a l .  An an al y ti c a l sample of (149) was p re p ar e d  by sh or t -  
p ath  s u b l i m a t i o n  at 43°, 0.05 mm to give c o l o u r l e s s  need le s,  
m.p. 64 - 65° (Found: C, 72.38; H, 6.92. C ^ H ^ O S  r e q u i r e s
C, 72.39; H, 6.94%); m/e 232 ( M ) , 231, 148, 139 (M - PhO) ,
115 (M - P h O C C H ) , 114 (base peak), 112, 85, 83, (111 - C 2H 4 )
and 81; v 2920, 1610, 159.0, 1470, 1405, 1310, 1230, 1170, 
max
1015, 1005, 915 and 885 c m " 1 ; <5 (100 MHz) 7.6 - 7.0 (m, 5 H;
Ar), 5.9 (m, 1 H; vinyl), 4.8 (m, 1 H; H - C ( 6 )), 4.2 (m,
1 H; H - C(l)) and 2.6 - 1.5 (m, 8 H; C H 2 ).
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Reaction„.of 7 , 8 -D ich lo r o-9-thiabic vclo \ 4 . 2 . 1 1 no na n e  (111) wi t h  
E t h a n o i c  Acid
.lil— th_e— A b s e n ce of Z i n c . (Ill) (0.21 g, 1 mmol) and 
e t h a n o i c  acid (10 ml) were heated at 10 0 ° (bath t e m p e r a t u r e )  
for 14 d. The r e act ion  mixture was poured into ether and 
the et he r  e x t ra c t  washed  with sodium h y d ro x id e f o l l o w e d  by 
w a t e r  to ne u t ra l i ty .  The organic layer was dried and e v a ­
p o r a t e d  to give 7, 8 - d i ( e t h a n o y l o x y ) - 9 - t h i a b i c y c l o [ 4 . 2 . 1 ]no- 
n an e  (150) as a yellow oil (0.256 g, 99%). D i s t i l l a t i o n  of 
t h i s  at 54°, 0.06 mm gave a colourless oil wh i ch  i m m e d i a t e l y  
s o l i d i f i e d  to prisms, m.p. 68 - 69°, (Found: M 258. 091 0.
^ 1 2 ^ 1 8 ^ 4 ^  r e 9 u i res 258.0926); m/e 258 ( M ) , 198 (M - AcOH), 
156, 138 (198 - AcOH), 127, 123, 105 (138 - HS), 97 and 43
(b ase  peak); v 2930, 2850, 1749, 1368, 1244, 1223, 1060, 
nisx
1046, 931 and 923 c m " 1 ; 6 5.37 (dd, J ^ 5 and 2.5 Hz, 2 H;
H - CO), 3.61 (m, 2 H; H - CS), 2.17 - 1.1 (m, ca. 8 H;
C H 2 ) an d 2.06 (s, ca. 6 H; CH^).
2. In the P re s e nc e of Z i n c . A mixt ure  of (111) (0.21 g,
1 m mol ), zinc dust (0.65 g, 10 mmol) and eth a n o ic  acid (10 
ml) w as r e f l u x e d  with vigorous stirring for 38 h. A fte r f i l ­
t r a t i o n ,  the r e act ion  mixture was worked up as above  to give 
a y e l l o w  soli d (0.2 g) which was shown by t.l.c. to be a m i x ­
t ur e  of two compounds. Separation was a ch i e ve d  by p r e p a r a ­
t i v e  t.l.c. in hexane. The band of R f 0.85, e x t r a c t e d  w i t h
b o i l i n g  d i c h l o r o m e t h a n e , furnished 9 - t h i a b i c y c l o [ 4 . 2 . 1 ] n o n - 7 -  
ene (144) (0.042 g, 30%) and that of R f .0.17 gave (150) (0.15 
g.,70%).
CHAPTER 3
A p p r o a c h e s  to 2 t3- Di s ub st it ute d and 3 , 6 , 7 - t r i - 
s u b s t i t u t e d  8 - T h i a b i c y c l o ( 3 . 2 . 1 ) o c t a n e s
68
In C h a p t e r  1, syntheses were und ert a ke n  of 8 — t h i a b i c y c l o —
[ 3 . 2 . 1 ] o c t a n e s  , in which a number of m ed ium  to high y i e l d i n g  
f u n c t i o n a l  grou p m o d i f i c a t i o n s  at C (6 ) and C(7) were d e m o n ­
s t r a t e d .  To p ro vid e synthetic routes to t h i a - t r o p a n e  s t r u c ­
t u r e s  by the S C l 2-c y c lo he p t a d i e n e  a d dit ion  route (Scheme 1 2 ) 
it w o u l d  be n e c e s s a r y  also to place an oxygen f u n c t i o n  at C(3), 
as the t r o p a n e  a l k a l o i d s  are commonly de r i v a t i v e s  of tropan-3- 
o l s .
Th e f o r m a t i o n  of such 3 - h y d r o x y - 8 - t h i a b i c y c l o [3 .2 . 1 ]-  
o c t a n e s  co u l d n o t i o n a l l y  be achieved by a dd i ti o n  of SCl^ to 
c y c l o h e p t a - 3 ,5- d ie n o l  (108) forming (152), wh i c h  could  be s t r u c ­
t u r a l l y  m o d i f i e d  at C(3), C ( 6 ) and C(7). However, a s e ri ou s
l i m i t a t i o n  to this appro ac h was app arently u n c o v e r e d  by
3 6
R o u t l e d g e  , who was unable to obtain the adduc t (152) (see 
I n t r o d u c t i o n )
It w as pr op os e d to seek conditions under w h i c h  S C 1 2 c oul d  
be i n d u c e d  to c on d e ns e  with c y c l o h e p t a - 3 ,5 - d i e n o l . If this 
p r o v e d  d i ff i c u l t ,  S C 1 2 con densation with sel e ct e d  est er s  of c y ­
c l o h e p t a - 3 , 5 — dien ol would be undertaken. Indeed, R o u t l e d g e  
has a l r e a d y  s ho wn that the benzoate (153) was q u a n t i t a t i v e l y  
f o r m e d  by r e a c t i o n  of S C 1 2 with 1— b e n z o y l o x y c y c l o h e p t a - 3 ,5- 
d i e n e  (154). However, this route may not be a p p l i c a b l e  to 
n o n - a r o m a t i c  u n s a t u r a t e d  esters (e.g. tiglate), the d o u bl e  
b o n d s  of w h i c h  w ou ld possibly compete with the dien e s y s t e m
for the S C 1 2 .
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T wo f u r th e r  aims of this part of the project we re  to 
a t t e m p t  m e t h o x y c a r b o n y l a t i o n  at C ( 2 ) of the kn own k e t o n e  (126) 
as an a p p r o a c h  to the synthesis of th i a- coc ain e (155), and to 
i n v e s t i g a t e  the m e t h y l a t i o n  of the sulphur bridge of the 8 - 
t h i a b i c y c l o [ 3 .2 .1 ]o c t a n e s .
C o n d e n s a t i o n  of S C 1 2 with (108), prepared from t ro p o n e
(151), had been o ri gi na lly  attempted by adding the two r e a c ­
t a n t s  s i m u l t a n e o u s l y  to a reservoir of d i c h l o r o m e t h a n e  over
o 36
2 m i n u t e s  at - 70 . It was claimed that the NMR s p e c t r u m
of the cr u d e  produ ct  showed no absor pti on s c h a r a c t e r i s t i c  of 
a b i c y c l i c  d i c h l o r o - t h i o e t h e r  adduct. The r e a c t i o n  was r e ­
p e a t e d  but the r e ac t i on  time was increased from 2 to 20 m i nu t e s.  
Th e r e s u l t i n g  m ix t u r e  was light yellow but on rem o v al  of s o l ­
v en t  it d a r k e n e d  co ns id era bly  and di fficulty was e n c o u n t e r e d  
in the i s o l a t i o n  of col ourless c r yst all in e mate ri al.  By a 
c o m b i n a t i o n  of solvent trituration, d e c o l o u r i s a t i o n  w i t h  c h a r ­
coal, s m a l l - s c a l e  short-p ath  vacuum su b li m a t i o n  and thin layer 
c h r o m a t o g r a p h y ,  pure samples of (159) were ob ta in ed as c o l o u r ­
l es s  ne e d l e s ,  m.p, 170 - 180° (with c o n s i d e r a b l e  s u b l i m a t i o n  
f r o m  90°). Th es e showed an OH st re tching a b s o r p t i o n  at 3310 
cm c h a r a c t e r i s t i c  H-CC1 peaks at 6 4.8 ppm (Fig. 23) and a 
m o l e c u l a r  ion g ro upi ng  of 212, 214, 216 (9:6.1 in area ) in 
the m a s s  s p e c t r u m  in accord with the m o l e c u l a r  f or m u l a  of 
C 7H 1 0 0 C 1 2 S, as deriv ed  from mi cro ana ly sis .
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Si n c e  two diastereoisomers of (152) are pos sible, its 
h o m o g e n e i t y  was ch ecked by t.l.c. and gas c h r o m a t o g r a p h y .  In 
six d i f f e r e n t  solve nt  systems, (152) ran as a sing le spot on 
t. l.c . A gas c h r o m a t o g r a m  of the t r i m e t h y l s i l y 1 d e r i v a t i v e  
of (152) s ho wed  one large peak a cc om pa nie d by a very small d e ­
f l e c t i o n  i n d i c a t i n g  a minor amount of another s u bst anc e.  W h e n  
a n a l y s e d  by G C M S , the minor component showed a m o l e c u l a r  ion of 
m /e  292 and its mass spectrum bore no si mi l a ri ty  to that of the 
m a j o r  c o m p o n e n t  (M 284, 286, 288; 9:6:1 by area). It was c o n ­
c l u d e d  t hat  the minor com pound was not the d i a s t e r e o i s o m e r  of 
the m a j o r  product, which was thus formed as a sing le  d i a s t e r e o -  
i s o m e r .
To a s c e r t a i n  the C(3) co n fi g ur ati on of this sing le  p r o ­
du ct , an a n a l y s i s  of the NMR couplings of the proto n on C(3) 
w i t h  t h o s e  of the adjacent met hylene groups was u nd e r t a k e n .
On d o u b l e  i r r a di a t io n at the brid ge hea d signal (6 3.55), 
b o t h  m e t h y l e n e  en ve l op e s  resolved into double doubl et s,  that at 
6 2.5 - 2.8 s h ow i n g cou plings of 5.6 and 13 Hz and that at 6 
1.85, 10 and 13 Hz. The 13 Hz coupling was a s s i g n e d  to the 
g e m i n a l  c o u p l i n g  between the axial and e q u a t or i a l pr o t o n s  of 
the m e t h y l e n e  groups. Thus, the H - C(3) proton s how s two 
c o u p l i n g s ,  10 and 5.6 Hz, with the m e t h yl e ne  h y d ro g e ns ,  the 
f o r m e r  b e i n g  of the amplitude of a 1 ,2— diaxial c o u p l i n g  and 
the l a t t e r  of a 1 ,2-a x i al -e q ua t o ri a l  coupling. Th is  wo u l d  
i m m e d i a t e l y  in d ic a t e  an equatorial c o n f i g u r a t i o n  (exo) of the 
C (3) h y d r o x y l  group of (152), with the s i x - m e m b e r e d  ring in
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a c h a i r  c o n f o r m a t i o n  (Fig 24), allowing the H - C(3) ( a x i a l ) 
to f o r m  a d ih e d r a l  angle of 180° with the axial H - C(2),
H - C(4) and of 60° with the equatorial H - C(2), H - C(4).
H o w e v e r ,  i n s p e c t i o n  of a molecular model of (152) w i t h  the
C (3) h y d r o x y l  group axial (endo) shows that there wo u l d  be a
v e r y  s e v e r e  n o n - b o n d e d  interaction betwe en  the h y d r o x y l  group  
and the endo c hl or i ne  substituents if the s i x - m e m b e r e d  ring 
w e r e  in the ch air con f or m a ti on  (Fig. 25). C o n s e q u e n t l y ,  it 
is m o r e  li k e ly  that this diastereoisomer of the al c o h o l  w oul d  
e x i s t  w i t h  the si x -m em b er e d  ring in the boat c o n f o r m a t i o n  
(Fig. 26). In this conformation, the same d i h e d r a l  an g le s  
of 180° and 60° exist between the C(3) - H and the m e t h y l e n e  
p r o t o n s .  B ase d on this decoupling experiment, the C(3) h y ­
d r o x y l  c o n f i g u r a t i o n  cannot be uniquely defined from the two 
p o s s i b i l i t i e s ,  chair co n for mat io n with exo (e q u a t o r i a l ) C(3) 
h y d r o x y l  and boat con fo rm at i on  with endo C(3) h y dro xy l.
T he a l t e r n a t i v e  two possib ili tie s can d e f i n i t e l y  be ruled 
out, i.e. the chair conf or ma tio n with endo (axial) C(3) h y d r o ­
xyl ( c o n s i d e r e d  above) and the boat c o n f o r m a t i o n  w i t h  exo C(3) 
h y d r o x y l ,  both of which allow for equal a m p l i t u d e  of c o u p l i n g  
of H - C (3) wi t h the me th ylene protons, the d i h e d r a l  a n g l e s  
s u b t e n d e d  w i t h  both axial and equat or ia l m e t h y l e n e  h y d r o g e n s  
b e i n g  ca. 60°.
To e s t a b l i s h  the si x- membered ring c o nf o r m a t i o n ,  m e a s u r e -  
m e n t  w a s  undertaken of the dihedral angle s s u b t e n d e d  b e t w e e n  
th e b r i d g e h e a d  C - H bond and those of the m e t h y l e n e  h y d r o g e n s .
72
D o u b l e  i r r a d i a t i o n  at 6 4 , 8  ( H - CC1) s i m pl if i ed  the b r i d g e ­
h ea d  m u l t i p l e t  (6 3.55) to a broad double d ou ble t e m b o d y i n g  
two m a i n  c o u p l i n g s  of med ium - lo w  amplitude, 3.5 and 2 Hz, for 
th e v i c i n a l  c y c l o h e x a n e — like situation. This c l ea r ly  e s t a ­
b l i s h e s  the s i x - m e m b e r e d  ring as a chair c o n f o r m a t i o n  w h e r e  
H - C (1) ( e q u a t or i a l)  forms dihedral angles of ca. 75° and 35° 
w i t h  a x i a l  and e q u at o r ia l  H - C(2) respect ive ly , as m e a s u r e d  
on a m o de l .  The model shows that ado p t io n  of a boat c o n f o r ­
m a t i o n  by the s i x -m e m be re d  ring creates dih e d ra l  ang l e s b e t ­
w e e n  H - C (1) and the meth yl ene  C - H bonds of ca. 95° and 
1 0 °, w h i c h  wo u l d  lead to one small and one large c o u p l i n g  
(not o b s e r v e d ).
T he boat c o n f o r m a t i o n  with the C(3) al co ho l endo is thus 
r u l e d  out. It follows that (152) exists as one di a st e r eo -  
i s o m e r  w i t h  the C(3) hydroxyl group e q u at o r ia l  in a c ha ir six- 
m e m b e r e d  ring.
H a v i n g  thus e st abl is he d the structure, h o m o ge n e i ty ,  c o n ­
f i g u r a t i o n  and co n f o r m a t i o n  of the alcohol (152), its e s t e r i -  
f i c a t i o n  w i t h  tigli c acid (45) was i n v e s t ig a t ed  wi th  a vi ew  to 
f o r m i n g  a thia ana lo g ue  of tropigline (14). D i f f i c u l t i e s  
w e r e  a n t i c i p a t e d  in this es t e ri fi ca tio n since it was r e c o g ­
n i s e d  that both the alcohol and the acid c o m p o n e n t s  are s t e r e o — 
c h e m i c a l l y  h in de red . Tiglic acid was c on v e rt e d  to its acid 
c h l o r i d e  u s i n g  thionyl chloride and react ed  w ith  the a l c o h o l  
(152). The crude reaction product was shown by t.l.c. to be 
a m i x t u r e  of u n r e a c t e d  alcohol (152) and one ot her  c o m p ou n d.
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S e p a r a t i o n  was ach i e ve d  by preparative t.l.c. in h e x a n e - d i c h l o -  
r o m e t h a n e  1;1 and the band of 0.75 cont ain ed  the tig l y l  
es t e r  (156) (26% yield). In addition to alcoh ol (152) from 
the band of 0.25, other minor bands were present c o n t a i n i n g  
sm al l  a m o u n t s  of material. The ester (156) was t r i t u r a t e d  
w i t h  and c r y s t a l l i s e d  from hexane mixed with a small am ou n t  of 
et he r  to p r o d u c e  co lou r l es s  needles, m.p. 114 - 115°, w h i c h  
gave m i c r o a n a l y s i s  figures consistent w it h the m o l e c u l a r  f o r ­
m u l a  2H ^ 0 2 C l 2 S . The IR spectrum lacked the h y d r o x y l  a b s o r -  
t i o n  3 3 1 0 cm  ^ c h ar a c t e r i s t i c  of the alcohol (152) but sh ow e d  
a p e a k  at 1713 cm  ^ due to an a, 3 uns a tu ra t ed  ester. The NMR 
s p e c t r u m  (Fig. 27) showed a vinyl mu lt iplet at 6 6 .8 , two k in d s  
of m e t h y l  ab s o rp t i o n ,  a singlet at 6 1.8, a doublet ( 3 ^ 3  Hz)
at 6 1.72, and the C(3) proton resonance was shift ed d o w n f i e l d
r e l a t i v e  to that of (152) to 6 5.35. No m ol e c u l a r  ion was
s ee n  in the ma ss sp ec tru m but peaks at 194, 196, 198 (9:6:1 
by a r e a )  s u g g e s t e d  that elimination of tiglic acid o c c u r r e d  
i m m e d i a t e l y  on b o mb a r dm e n t with the ele ctron beam to give the 
c a t i o n  of the al k e ne  (157).
A n a l y s i s  of the NMR coupling const an ts of the b ic y c l i c  
s k e l e t o n  of (156) by double ir radiation e x pe r i m e n t s  a l l o w e d  
the sa me  s t e r e o c h e m i c a l  conclusions to be drawn as for (152). 
D o u b l e  i r r a d i a t i o n  of the bridgehead mu lt i pl e t  at 6 3.55 in 
the N M R  s p e c t r u m  caused collapse of the m e t h y l e n e  e n v e l o p e s  
into d o u b l e  dou blets, that at 6 2.7 sh owi ng  c o u p l i n g s  of 5.6
and 13 Hz and that at 6 2.05 10 and 13 Hz.
T h e s e  c o u p l i n g s  are exactly the same as for the a l c oh o l  (152) 
and th us the c o n f i g u r a t i o n a l  and con for ma ti o n al  p o s s i b i l i t i e s  
for (156) can be narro we d immediately to the two C(3) d i a s t e r e o — 
i s o m e r i c  esters, exo ester (158) with the s ix - m e m b e r e d  ri ng  in 
a c h a i r  and endo ester (159) in a boat.
To d i s t i n g u i s h  between the two ring co nf o r ma t i on s ,  d o ub l e  
i r r a d i a t i o n  of the H - CC1 protons at 6 4.85 and of the H - CO 
p r o t o n s  at 6 5.35 was undertaken. In the former case, the
s h a r p e n i n g  of the bridgeh ead  signal was i n su f f i c i e n t  to al l o w  
m e a s u r e m e n t  of c ou p l in g  constants. In the latter case, the 
two m e t h y l e n e  en v e l o p e s  resolved again into double do ub let s,  
t hat  at 6 2.7 sh ow in g  couplings of 6 and 13 Hz and that at 6
2.05 2 and 13 Hz. As with the alcohol (152), the b r i d g e h e a d  
p r o t o n  gi v e s  two c ou pli ng s of medium amplitude, (i.e. 6 and 
2 Hz), r a t h e r  than one large and one small, wit h the m e t h y ­
l en e  p r o t o n s .  Thus, as before, only the chair c o n f o r m a t i o n  
w i t h  the C(3) s u b s t it u en t  equatorial (exo) p o s se s se s  the a p p ­
r o p r i a t e  d i h e d r a l  angles.
E s t e r i f i c a t i o n  of (152) was also att em p te d  by a m o d i f i ­
c a t i o n  of the F i s h e r - S p e i e r  method of reflux wi th  t i g l i c  
a ci d  in t o l u e n e  in presence of sulphuric acid as a d e h y d r a t i n g  
a gen t.  The c rud e product obtained was shown by t.l.c. to be 
a m i x t u r e  w h i c h  was again separated by p r e p a r a ti v e  t.l.c. to 
gi ve the u n r e a c t e d  alcohol (152) and the tiglyl ester (156)
(7% y ie l d) .  N e it h e r este ri fic ati on  metho d is thus e f f i c i e n t  
but no a t t e m p t  was made to improve on this con v er si o n.
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Because of this low yield, the projected esterifications of 
(152) with mandelic and tropic acids (see above) were not 
u nd e r t a k e n  in the present work.
In the k n o w l e d g e  that tropane-like esters based on 8 - 
t h i a b i c y c l o [ 3 . 2.1 ]octane could be made, albeit in low yield, 
in two s t e p s  f ro m c y c l o h e p t a - 3 ,5-dienol (108), it was n e c e ­
ss ar y  to find out if the 3 ,3 ’- d i c h l o ro t h io e t he r  m o i e t y  of the 
i n t e r m e d i a t e  d i c h l o r o a l c o h o l  (152) was capable of be ing m o d i ­
fied in the same way as for (107) and (111). Thus (152) was 
r e f l u x e d  w i t h  1 ,2 - d i a m in oe t ha n e  in the pr esence of zinc and one 
p r o d u c t  w as  q u a n t i t a t i v e l y  formed. The as s i g n m e n t  of this as 
the n o v e l  u n s a t u r a t e d  bicyclic thioether (160) was based  on 
its m a s s  s p e c t r a l  mol ec u la r  ion at m/e 142, u n c h a r a c t e r i s t i c  
of a d i c h l o r i d e ,  and the appearance of vinyl a b s o r p t i o n  as 
l o w - i n t e n s i t y  IR absorptions, at 3060 and 1600 cm and a 
b r o a d e n e d  s i n g l e t  at 6 6.15 in the NMR sp ec t r um  (Fig. 28).
The p r e s e n c e  of the bicyclic skeleton was shown by the b r i d g e ­
h e a d  (6 3.85) and complex methylene m u l t i p l e t s  (6 2.6 - 1.5). 
Th e IR s p e c t r u m  also showed OH and C - 0 bonds at 3620 (free), 
3 48 0  ( bo n d ed ),  1049 and 1028 cm -1 and the H - CO pr o t o n  
a b s o r p t i o n ,  c en t r e d  at ca. 6 4.1 was partly o b s c u r e d  by the 
b r i d g e h e a d  signal. Thus, the d i c h l o r o al c o ho l  (152) u n d e r ­
g oes  s m o o t h  d e h a l o g e n a t i o n  in the same way as (107) and (111),
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In contr ast , (152) failed to react with so d i um  h y d r o x i d e  
in a q u e o u s  d i m e t h o x y e t h a n e  udder nitrogen, even wh en the r e ­
a c t i o n  t im e was ex tended to 28 hours. A po ss ibl e e x p l a n a t i o n  
for t h i s  s u r p r i s i n g  result is that the i nt e r m e d i a t e  s u l p h o n i u m  
ion, r e q u i r e d  for the o x i d a t i o n - d ec hl o ri n a ti o n  se q u e n c e  d e p i c ­
ted in S c h e m e  15 for (107), is ste re oc he m ic a l ly  h i n d e r e d  by 
h y d r o g e n - b o n d i n g  (Scheme 20) with the C ( 3 ) exo h y d r o x y l  group, 
the c l o s e  a p p r o a c h  of the h y dr oge n- bon ded  groups being f a c i l i ­
t a t e d  by c o n f o r m a t i o n a l  inversion of the s i x - m e m b e r e d  ring into 
the b o a t .
In a g r e e m e n t  with the observed u nr e ac t i vi t y  of the h a l o ­
g ens  of (107) and (111) towards el ec tro n- d en s e  n u c l e o p h i l e s ,
(152) w as  found to be inert to LiAlH^, even when the re a g e n t  
w a s  p r e s e n t  in large excess.
H a v i n g  e s t a b l i s h e d  that functional group c h an g es  c ou ld be 
a c h i e v e d  in the 8 - t h i a b i c y c l o [3.2.1]octane ring s y s t e m  at C(3) 
an d C ( 6 ), C(7) an in v es tig ati on  was ini tiated into the p o s s i ­
b i l i t y  of f u n c t i o n a l i s i n g  C(2) via enol d e r i v a ti v e s of the 
k e t o n e  ( 1 1 0 ). ( 1 1 0 ) was made by the r e p o r t e ^ p r o c e d u r e  of
r e p l a c e m e n t  of a nitrogen bridge by a sulphur bridg e by r e ­
a c t i o n  of q u a t e r n i s e d  tropinone with sodiu m sulphide.
T h u s  t r o p i n o n e  ( 61 ) reacted with methyl io di de  to give 
t r o p i n o n e  m e t h i o d i d e  ( 161) as a fine co l o ur le s s powder, m.p.
280 - 28 1°  ( l i t .48 m.p. 278°). Trea tm ent  of (161) w i t h  s o ­
d i u m  s u l p h i d e  n o n a h y d r a t e  in water furnished (1 1 0 ) as c o l o u r ­
le ss  n e e d l e s ,  m.p. 143 - 146 (lit. m.p. 155 156 ).
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The s t r u c t u r e  of this product was confirmed by the a p p e a r a n c e  
of a s t r o n g  c ar bo n y l  stretching absorpt ion  at 1713 c m -  ^ in the 
IR s p e c t r u m  and a sulphur bridgehead signal at 6 3.81 in the 
N MR  s p e c t r u m  (Fig. 29). The latter also di sc lo s ed  the p r e ­
s e n c e  of two di f f er e n t kinds of methylenic protons, i.e. 
t h o s e  a d j a c e n t  to carbonyl at 6 2.7 and those of the t e t r a — 
h y d r o t h i o p h e n e  ring at 6 2.3 - 1.8, of equal i n t e g r a t e d  
i n t e n s i t y .
a - M e t h o x y e a r b o n y l a t i o n  of (1 1 0 ) was a tt e m p te d  by t r e a t ­
m e n t  w i t h  d i m e t h y l  carbonate - sodium me th ox ide  but the s t a r ­
t in g  m a t e r i a l  was returned unreacted.
An a t t e m p t  was made to prepare the py r r ol o d i n e  e n a m i n e  of 
( 1 1 0 ) by r e f l u x  w i th  pyrrolidine containing a few drop s of p y ­
r i d i n e  in p r e s e n c e  of 4 A molecular sieves but no r e a c t i o n  
to ok  place . C h an g i ng  to acid cat alysis, (110) was r e f l u x e d
w i t h  m o r p h o l i n e  in presence of a few crystals of p - t o l u e n e  sul- 
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p h o n i c  a c id  but (110) remained unchanged. The a t t e m p t e d  r e ­
a c t i o n  of ( 61) with pyrrolidine in the presence of the Le wi s 
a c i d  t i t a n i u m  (IV) c h l o r i d e ^  was also un su cc ess ful .
It thus  a p p ea r s  that the carbonyl group of (110) is ste- 
r e o c h e m i c a l l y  h i nde red  towards the ap proach of the s e c o n d a r y  
a m i n e s  p y r r o l i d i n e  and morpholine. To check if this c a r b o n y l  
g r o u p  w o u l d  be react iv e to primary amines, (1 1 0 ) was r e f l u x e d  
w i t h  h y d r o x y l a m i n e  in ethanol in presence of a small v o l u m e  
of p y r i d i n e .  The oxime (162), m.p. 8 5 - 8 6  , was f o rm ed  in
9 5 % y i e l d  and puri fie d by vacuum sublimation. (162) gave
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m i c r o a n a  1 y t i c a 1 figures consistent with the m ol e c u l a r  fo rmula,  
C y H ^ ^ N O S ,  and the mole cul ar  ion at m/e 157 in the mass s p e c ­
trum. H y d r o x y l  st re tch ing  absorption appe are d in the IR s p e c ­
t r u m  at 3 5 90  (free) and 3260 cm -1 (bonded) and the imine  d o u b l e  
bond as a w e a k  band at 1645 cm . The m e t h yl e n ic  a b s o r p t i o n s  
in the NM R s p e c t r u m  (Fig. 30) were complex and w i de ly  sprea d  
f r o m  6 3.4 to 1.8 but the bridgehead signal was vi si bl e  at 6
3.7 and the h y d r o x y l  proton appeared dow nfield as a broad peak 
at 6 9.5. W h i l e  (110) reacted easily with the primary amino  
g ro u p  of h y d r o x y l a m i n e , no further attempt was made to p r e p a r e  
e n a m i n e s  by r e a c t i o n  with secondary amines.
In the p r e v i o u s l y  described synthetic a p p r o a c h e s  to th ia -  
t r o p a n e s ,  no at t e m p t  was made to match the N - Me b ri dge  of the 
t r o p a n e s  by m e t h y l a t i o n  of the sulphur atom of the 8 - t h i a b i c y c l o -  
[ 3 . 2 . 1 ] o c t a n e s  . As a first step towards the d e v e l o p m e n t  of a 
g e n e r a l l y  a p p l i c a b l e  m et hyl at ion  procedure, the d i c h l o r o s u l p h i d e  
(107) and the k e t o s u l p h i d e  (1 1 0 ) were sep ar ate ly  tr ea te d  wi t h  
i o d o m e t h a n e  u nd er the conditions used to form t r o p i n o n e  m e t h i o -  
dide (161) from tro pi no n e  ( 61) (see above). No p r e c i p i t a t e  
of S - m e t h y l  s u l p h o n i u m  iodide collected and, on rem o v al  of s o l ­
vent, the s t a r t i n g  material was returned unchanged. In the 
c u r r e n t  work, pr o c ed u r es  using more reactive m e t h y l a t i n g  agents,  
s.g. d i m e t h y l  sul p ha te  or tr im e t hy l o xo n i um  b o r o f l u o r i d e , have 
not b e e n  i n v e s t i g a t e d .
EX PE R I M E N T A L  SECTION
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C y c l o h e p t a t r i e n o n e  (Tropone) ( 15 1  ^51
To a s ol u t i o n  of potassium dihydrogen phosp ha te  (13.5 g) 
in d i s t i l l e d  wa te r (33 ml) were added dioxan (330 ml), s e l e n i u m  
d i o x i d e  (53. 0 g, 0.48 mmol) and cy c l oh e pt atr ien e (43.0, 0.46 
mmol) . The mi x t u r e  was stirred at 90° for 15 h, f i lt e r ed  and 
the f i l t r a t e  poured into water (750 ml). The m i xt u r e was e x ­
t r a c t e d  th r e e  times with dichloromethane and the ex tr ac t w a s h e d  
w i t h  s a t u r a t e d  sodium bicarbonate and brine, dried and e v a p o ­
ra te d  l e av i n g ’ a dark brown oil (23.51 g). D i s t i l l a t i o n  of 
th is r e s i d u e  under  reduced pressure (0.3 mm) gave (151) (14.42 
g, 0 . 1 5  mmol, 33%), b.p. 65 - 6 8 ° (lit.5 '1' b.p. 91 - 92°, 4 mm);
v (liq. film) 3450, 3010, 1710, 1633, 1576, 1520, 1470, 1255, max
1215, 895, 830, 780 and 580 cm ^ ; 6 7.1 (complex m ) .
C y c l o h e p t a - 3 ,5- di en o l ( 10 8)52
S o d i u m  b o r o h y d r i d e  (1.401 g, 38.9 mmol) was added slow ly  
to a s o l u t i o n  of tropone (2.1 g, 19.8 mmol) in m e th a n ol  (50 ml) 
c a u s i n g  i m m e d i a t e  ev ol ution of hydrogen. The mi x tu r e  was 
s t i r r e d  for 2 h at room temperature and residual so d iu m  b o r o ­
h y d r i d e  d e c o m p o s e d  by the dropwise add ition of glacial ac et i c  
a cid  ( 7 ml). The mixture was neu tralised with s a t u r a t e d  s o ­
d i u m  c a r b o n a t e  solut io n and extracted with ether. The c o m ­
b in e d  e x t r a c t s  were washed with brine, dried and ev a p or a t ed .
The b r o w n  oily residue was distilled to give, as a c o l o u r l e s s  
oil (108) (1.12 g, 10.18 mmol, 51%), b.p. 30 - 36°, 0.1 mm 
( l i t .52 b.p. 45 - 52° > 6 mm); vmax (liq- film) 3354, 3012,
2900, 1615, 1440, 1055, 1020, 990, 890, 835, 675 and 610 c m - 1 ;
6 5.9 (m , 4 H; vinyl), 4.3 (m, 1 H; H - CO), 2.55 (m, 4 H,
c h 2 )
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R e a c t i on— o_f— C y c l o h e p t a — 3 , 5 - d ienol (108) with Sulp hur  D i c h l o r i d e
C y c l o h e p t a - 3  , 5-die nol  (108) ( 1 . 1  g , I Q  and s u l p h u r
d i c h l o r i d e  (1.13 g, 10.97 mmol) each di ss olv ed in d i c h l o r o —
m e t h a n e  (10 ml), w ere  added sim ul tan eo us ly over 5 m to d i c h l o —
r o m e t h a n e  (25 ml) wh i ch  was vigorously stirred at -70° (bath
temp .).  Th e s ti r r ed  mixtu re was ma in tai ned  at -70° for 15
m in a nd  a l l o w e d  to come to room temperature. The s o l u t i o n
was e v a p o r a t e d  l e a vi n g  a yellow solid which was t r i t u r a t e d
w i t h  e t h e r  — dichloromethane to give 6 ,7 ~ d i c h l o r o - 8 - t h i a b i c y c l o -
[ 3 . 2 . 1 ]o c t a n - 3 - o l  (152) (1.5 g, 7 mmol, 70%), s u b s t a n t i a l l y
pure by NMR. An a na l y t i c a l  sample of (152) was pr e p a r e d  by
short-path s u b l i m a t i o n  at 90°, 0.005 mm as c o lo u r l e s s  ne ed le s,
m.p. 175 - 176°, (Found: C, 39.64; H, 4.67. C 7 H 1Q 0 S C 1 2
r e q u i r e s  C, 39.46; H, 4.73%); m/e 216, 214, 212 (1 :6 :9 ;M) ,
179, 177 (M - Cl), 161, 159 (177 - H 20), 143, 141, 113, 97
(0,-Ht-S) and 45 (base peak); V (KBr) 3310, 2940, 2919, 2854, 
3 D  m 0 x
1450, 1437, 1350, 1045, 1032, 890, 847, 798, 772 and 613 c m " 1 ;
6 4.8 (dd, J ^  4 and 2.5Hz, 2 H; H - CC1), 6.36 (sept upl et ,
J ^  7 Hz, 1 H ; H - CO), 3.56 (m, 2 H; H - CS), 2.8 - 2.5
(m, 2 H; C H 2 ), 2.0 - 1.7 (bt, J ^ 12 Hz, ca. 2H; C H 2 ) and 
1.74 (s, ca. 1 H; OH).
6 , 7 ~ D i c h l Q r o - 3 - t i g l y l o x y - 8 - t h i a b i c y c l o [ 3 . 2 . 1 joctane (1,56)
a) T i g l i c  acid (0.30 g, 3 mmol) was r ef lux ed  (bath temp.
80 - 120°) , w i t h  freshl y distilled thionyl ch l o ri d e  (0 .3 93  g, 
3.3 m m o l )  for 1 h and excess thionyl chl o ri d e  was r e m o v e d  u nd e r  
su ct i o n.  A s o l u t i o n  of 6 ,7 - d i c h l o r o - 8 - t h i a b i c y c l o [3.2 .1 ]- 
o c t a n - 3 -o l (152) (0.2130 g, 1 mmol) in d i c h l o r o m e t h a n e  was added
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and the r e s u l t i n g  solution refluxed for 16 h. On cooling, 
the r e a c t i o n  solution was poured into water and e x t r a c t e d  with 
d i c h l o r o m e t h a n e , the extract being washed with s a t u r a te d  s o di u m  
b i c a r b o n a t e ,  water to neutrality and dried. R em o va l  of sol v en t  
g av e  a b r o w n  solid (0.05 g) which was shown, by t.l.c. in di- 
ch 1 o r o m e t h a n e  — hexane (8:2), to contain alcohol (152) and two less 
p o l a r  c o m p o u n d s  in unequal amounts. Pr ep ar at i ve  thin layer chro-1 
m a t o g r a p h y  in dich lo rom et ha ne- hex an e (8:2) gave (156) (0.04 g 
26%) f r o m  the band of 0.75 and (152) (0.1 g) from the band 
of R f 0.25.
b) A m i x t u r e  of (152) (0.107 g, 0.5 mmol) and tiglic acid 
(0.1 g, 1 mmol) in toluene containing one drop of cone, s u l ­
p h u r i c  a c i d was refluxed for 3 h, during which time some c h a r r e d  
m a t e r i a l  c o l l e c t e d  out of solution. The toluene was r e m o v e d  
u n d e r  s u c t i o n  and the residue, in d i c h l o r o m e t h a n e , was w a s h e d  
w i t h  s a t u r a t e d  sodium bicarbonate, water to ne u tr a l i t y  and 
dr ied . R e m o v a l  of solvent gave a brown semi- so li d w h i c h  was 
s h o w n  by t.l.c. in dichlor o m e t h a n e , hexane (1:1) to be a m i x ­
t u r e  of (152) and ester (156). The mixture was s e p a r a t e d  by 
t h i n  l a y e r  ch ro m at o g ra ph y  in dic hl or o m et h a ne - h ex an e  (1:1).
Th e band of R f 0.45, extracted with boiling d i c h l o r o m e t h a n e , 
ga ve  (156) (0.01 g, 7%) (based on alcohol reacted) as a pale
y e l l o w  go l i d  and the band of R^ 0.1 extracted with b o i l i n g  
e t h y l  ac e t a t e ,  co ntained alcohol (0.005 g). Other b an ds c o n ­
t a i n e d  only small amounts of material.
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c) C o m b i n e d  samples of the ester (156) (0.05 g) were w a sh e d
w i t h  h e x a n e — ether to remove colour and r e c r y s t a l l i s e d  from
h e x a n e  ( c o n t a i n i n g  a little ether) as co lo ur l es s  needles, m.p.
114 - 115° , (Found: C, 48.54; H, 5.53. C 1oH 1A 0 oC l o S
12 16 2 2
r e q u i r e s  C, 48.83; H, 5.467.); m/e 298, 296, 294 (M, only seen
a f t e r  s i g n a l  am pl if ic a ti o n ),  198, 196, 194 (1:6:9; M - C cH o 0„;
5 8 2
ba se  p ea k  194), 165, 163, 161 (M - SH) , 159, 125, 97 ( C ^ S )  and 
91; V m a x  2 9 5 5 ’ 2930, 2855, 1713, 1615, 1262, 1153, 1134, 1073, 
908, 892 and 618 cm ; 6 6.8 (m, 1 H; vinyl), 5.4 (septup let ,
J ^  6 Hz, 1 H ; H - CO), 4.74 (dd, J ^ 4 and 2.5 Hz, 2 H; H - 
CC1), 3 .5 2 (m, 2 H; H - CS), 2.85 - 2.5 (m, 2 H; C H 2 ), 2.15 -
1.5 (m, C a . 2H; C H 2 ), 1.8 (s) and 1.75 (d, J ^ 7 Hz) (together
ca. 6 H; C H 3 ) .
R e a c t i o n  of 6 ,7 - D i c h l o r o - 8 - t h i a b i c y c l o [ 3 . 2 . 1 1 o c t a n - 3 - o l  (152) 
with 1,2-Diaminoethane
A m i x t u r e  of (152) (0.1 g, 0.47 mmol), zinc dust (0.65 g,
10 mm o l )  and 1 ,2-d ia m i noe tha ne  (5 ml) was refluxed (bath tempera-' 
ture 120°) w i t h  vigor ous  stirring for 21 h. The r e a c t i o n  m i x ­
t ur e  wa s  f i l t e r e d  and the filtrate poured into ether and w a s h e d  
w i t h  w a t e r.  The separated organic layer was dried and e v a p o ­
r a t e d  to give 3 - h y d r o x y - 8- t h i a b i c y c l o [3 . 2 .1 ] oc t-6 -en e (160) 
( 0 . 0 66  g, 100%). An analytical sample of (160) was p r ep a r e d  
by s h o r t - p a t h  su bl i m at i o n at 70° at water pump pr e s s u r e  as 
c o l o u r l e s s  n e e d l e s  m.p. 119 - 120 , (Found: m/e 142.0462,
C 7 H 1©O S r e q u i r e s  142.04613); m/e 142 ( M ) , 124 (M - H 20), 97 
( C 5 H 5 S, b ase  peak) and 97 ( C ^ ) ;  3620, 3480, 3060, 2959
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2910, 2844, 1600, 1328, 1098, 1049 and 1028 cm 6 6.15 (bs,
2 H; v i ny l ),  4.3 - 3.8 (m; H - CO), 3.85 (m; H - CS)
( t o g e t h e r  3 H) and 2.6 - 1.5 (m, ca 5H; C H 2 and OH).
A t t e m p t e d  S o l v o l y s i s  of 6 , 7 - D i ch l o ro - 8 - t h i a b i c y c l o [ 3 . 2 . 1 1 o c t a n -  
3 -ol  (152) wi t h Sodiu m Hydroxide
A m i x t u r e  of (152) (0.107 g, 0.5 mmol), d i m e t h o x y e t h a n e  
(75 ml) a nd  10% aque ou s sodium hydroxide (5 ml) was r e f l u x e d  
u n d e r  n i t r o g e n  for 20 h. The reaction mixture was c o n c e n t r a t e d  
u n d e r  s u c t i o n  and extracted with ethyl acetate. The et hyl a c e ­
t at e  l a y e r  was dried and evaporated leaving a brown solid, the 
N M R  of w h i c h  i n d i c at e d  only the presence of u n r e a c t e d  s t a r t i n g  
m a t e r i a l .
A t t e m p t e d  R e a c t i o n  of 6 , 7 - D i c hl o r o - 8 - t h i a b i c y c l o \ 3 , 2 , 1 1 o c t an -  
3-01 (152) w i t h  Li th i u m Aluminium Hydride
L i t h i u m  a l u m i n i u m  hydride (0.285 g, 7.5 mmol) in a n h y d r o u s  
t e t r a h y d r o f u r a n  was added to a solution of (152) (0.321 g, 1.5 
mm o l )  in the same solvent ( 10 ml) and the mi xt ur e r ef l u x e d  for 
2 h w i t h  s t irr ing . On cooling, a few drops of sa t u r a t e d  s o d i u m  
s u l p h a t e  w e r e  added. The solution was filtered and the f i l ­
t r a t e  e v a p o r a t e d  to give unreacted starting material.
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R e a c t i o n  of T r o p i n o n e  (61) with Iodomethane
T r o p i n o n e  (61) (2.06 g, 14.8 mmol) was d i s s o lv e d  in a b s o ­
l ute  e t h a n o l  (12.5 ml) and iodomethane (2.75 g, 19.4 mmol) 
a d d e d  d r o p w i s e  with  stirring. After stirring for 2 h, ether 
(37.5 ml) was added and the precipitated tr op in on e  m e t h i o d i d e
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(161) f i l t e r e d  and washed with ether. R e c r y s t a l l i s a t i o n
f r o m  a q u e o u s  m e th a n ol  gave needles (20.6 g, 9.25 mmol, 62%)
m.p. 278 -  280°  (l it . 48 m.p. 278°) v KBr 3015, 2940, 1725,
max ’
1460, 1320, 1260, 1205, 1115, 1025, 985, 925 and 460 c m - 1 .
R e a c t i o n  of T r op inone Methiodide (161) with Sodium S u l p h i d e 4 ^
T r o p i n o n e  m e t hi od i de  (161) (1.04 g ,  3.7 mmol) and s o d i u m  
s u l p h i d e  n o n a h y d r a t e  (2.8 g, 11.7 mmol) were di s so l v ed  in 
w a t e r  (85 ml) and stirred at 85° for 2 h under nit rog en.  On 
c o o l i n g ,  the sol u t io n  was extracted with ether and the c o m ­
b i n e d  e x t r a c t s  wash ed  with dilute hydroch lo ric  acid and brine 
to n e u t r a l i t y .  Drying and evaporation of solvent gave (110) 
as a y e l l o w  solid (0.34 g. 65%). This was d e c o l o u r i s e d  by 
p a s s i n g  in ether th rough a short column of al umi na  (Grade 0, 
b a s i c )  an d r e c r y s t a l l i s e d  from methanol as needles, m.p. 143 - 
145° ( l i t . 47 m.p. 155 - 156°); m/e 142 (M), 114 (M - CO), 109
(M - HS), 99 and 85 (C.H.S); V 2960, 2942, 2908, 2872, 1713,' 4 5 max
1404, 1331, 1206, 1041 and 980 c m - 1 ; 6 3.81 (m, 2 H; H - CS),
2.7 (m, 4 H; H - C(2), H - C(4) and 2.3 - 1.8 (m, 4 H ; H - C(6) 
H - C ( 7 ) ) .
A t t e m p t e d  R e a c t i o n  of 8-Thiabicyclo [ 3 . 2 . 1 ] o c tan-3-one^lJ.0)— with 
D i m e t h y l  C a r b o n a t e .
C u t t i n g s  of sodium metal (0.3 g, 13 mmol) were s t i r r e d  for 
30 m w i t h  50 ml of dry ethanol. With st irring m a i n t a i n e d ,  a 
s o l u t i o n  of (110) (0.158 g, 1.11 mmol) in ethanol (10 ml) and, 
a f t e r  30 m, di m e t h y c a r b o n a t e  (1 ml) in ethanol (5 ml) we re
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a dd e d  d r o p w i s e  over several m. The mixture was r e f lu x e d  
(b at h  t e m p e r a t u r e  100°) with stirring for 4 h and the cl o ud y  
y e l l o w  s u s p e n s i o n ,  on cooling, was poured into 100 ml d i lu t e  
* The mix tu r e was extracted with ether and the s e p a ­
r a t e d  e t h e r  layer washed with sodium carbonate, water, dried 
and e v a p o r a t e d  to give a yellow solid, the NMR of wh i c h  i n d i ­
c a t e d  o n l y the p r ese nc e of unchanged starting mate ri al.
A t t e m p t e d  R e a c t i o n  of 8 - T h i a b i c y c l o\3 . 2 . 1 1 o c t a n - 3 - o n e  (110) 
w i t h  P y r r o l i d i n e
(110) (0.142 g, 1 mmol), pyrrolidine (10 ml) and a few 
d r o p s  of p y r i d i n e  were refluxed for 7 h in the p re s e nc e of 4A 
m o l e c u l a r  sieves. The reaction mixture was poured into ether 
an d w a s h e d  w i t h  wa ter to neutrality. The organic layer was 
d r i e d  a nd e v a p o r a t e d  to give a brown solid (0.121 g), the NMR 
of w h i c h  i n d i c a t e d  only the presence of un re act ed st a r t i n g  
m a t e r i a l .
A t t e m p t e d  R e a c t i o n  of 8 - T h i a b i c y c l o [ 3.2 .1 ]o c t an - 3 -o n e  (110)
49
w i t h  M o r p h o l i n e
A s o l u t i o n  of (110) (0.172 g, 1.21 mmol), 10 ml of m o r ­
p h o l i n e  a nd a few crystals of p-toluene sulfonic acid was 
h e a t e d  to b o il i ng  (bath temperature 127 ) in a round bo t t o m  
f l a s k  (25 ml) to which was attached a d i s t i l l a t i o n  ap p a r a t u s .  
Th e d i s t i l l a t i o n  of water began at once and ceased af te r 13 h. 
M o s t  of the m o r p h o l i n e  was distilled at a tm o s p h e r i c  press ur e.  
T he r e a c t i o n  m i xt u r e was poured into ether and w a s h e d  w i t h  
w a t e r.  The organ ic layer was dried and e v ap o ra t e d to give a
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y e l l o w  s o l i d  (0.083 g) which was shown by t.l.c. in et h er -  
h e x a n e  (1:1) to be a mixture. This mixture was s e p a r a t e d  by 
t.l.c. in e t h e r - h e x a n e  (1:1). The band of 0.71 e x t r a c t e d  
w i t h  b o i l i n g  ethyl acetate gave (110) (0.034 g) and the band 
of R f 0.41  a p p a r e n t l y  gave the same compound (110) (0.015 g) .
The l a t t e r  band may have contained the mor pho l in e  e n a m i n e  of 
(110) but this was hydrolysed by contact with the si li c a in 
p r e s e n c e  of the boiling extraction solvent.
A t t e m p t e d  R e a c t i o n  of Tropinone (61) with P y r ro l i di ne
A m i x t u r e  of (61) (0.1 g, 0.72 mmol) and py r r o l i d i n e  
(0 .1 5 3  g, 2.15 mmol) in toluene was treated at 0 - 5° wi th  
t i t a n i u m  (tJV)chloride (3 ml) and the mixture was re fl ux e d for 
7 h w i t h  sl o w s e p a r at i o n of a solid. The mixt ure  was a l l o w e d  
to st a n d  at r oom  te mperature for 15 min, treated with pen t an e  
and f i l t e r e d .  Eva p or a t io n of the pentane gave a solid, the 
N MR of w h i c h  showe d only the presence of unre act ed  s t a r t i n g  
m a t e r i a l .
R e a c t i o n  of 8 - T h i a b i c y c l o [3.2.11octan-3-one (124) with  
H y d r o x y l a m i n e  H y d r o ch l o ri de
(124) (0.1 g, 0.7 mmol), hydroxy la min e h y d r o c h l o r i d e  (0.1
g, 1.44 m mo l )  and pyridine (0.5 ml) were refluxed (bath t e m p e r a ­
t ur e  100°) w i t h  vigorous stirring in ethanol (5 ml) for 25 h.
Th e e t h a n o l  was removed under suction and the re si du e d i s s o l v e d  
in ethe r.  The ether solution was washed with water, dried 
and e v a p o r a t e d  to give (113) as a yellow solid (0.05 g, 0.7 
mmol, 95%). An an alytical sample of (163) was pr ep ar e d by
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s hor t p a t h  s u b l i m a t i o n  at 40 at 0.1 mm' as c o lo u rl e s s  prisms, 
m.p. 85 - 86°, (Found: C, 53.73; H, 7.07; N, 8.94. C 7 H n N0S
r e q u i r e s  C, 53.47; H, 7.05; N, 8.91%); m/e 157 ( M ) , 140 (157 -
OH, b a se  peak), 123 (140 - NH,) 97 (C,H,S) and 85 ( C . H cS); V
J J J 4 5 max
3590, 32 60, 2948, 2922, 2890, 2850, 1645, 1430, 1410, 1325, 1312, 
1215, 1041, 981, 957, 936, 918 and 868 cm 6 9.5 (bs, 1 H;
OH), 3.7 (m, ca. 2 H; H - CS), 3.6 - 3.3 (m, ca. 1 H; C H 2 ),
2.9 - 2.5 (m, ca. 2 H; C H 2 ) and 2.5 - 1.8 (m, ca. 5 H; C H 2 ).
A t t e m p t e d  M e t h y l a t i o n  of 6 , 7 - D i c h l o r o - 8 - t h i a b i c y c l o\3 . 2 . 1 1 octane 
(107)
I o d o m e t h a n e  (0.165 g, 1.63 mmol) was added w it h  st i r r i n g  
to (107) (0.197 g, 1 mmol) in absolute ethanol. After st i r r i n g  
for 2 h, e t h e r  (10 ml) was added and, since no pr e c ip i t a t e  
a p p e a r e d ,  the s ol ven t was removed leaving a yellow solid, the NMR 
of w h i c h  i n d i c a t e d  only the presence of unrea cte d sta r ti n g  
m a t e r i a l .
A t t e m p t e d  M e t h y l a t i o n  of 8 - T h i a b i c y c l o T 3 . 2 . 1 ] o c t a n - 3 - o n e  (110)
I o d o m e t h a n e  (0.165 g, 1.63 mmol) was added w ith  s t i r r i n g  
to (124) (0 .1 4 2 g, 1 mmol) in absolute ethanol. After s t i r r i n g  
for 2 h, e t h e r  (10 ml) was added and, since no pr e c i p i t a t e  
a p p e a r e d ,  the solve nt was removed leaving a yellow  solid, the 
NM R of w h i c h  in d i c a t e d  only the presence of un r e a c t e d  s t a r t i n g  
m a t e r i a l .
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